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An Editorial Service to Meet 


INDUSTRY'S MAJOR PROBLEM 


To the readers of Product Engineering 


HERE IS NO DOUBT that today the American people 
are taking a keener, more critical interest in the 


E 


conduct of business than ever before. And when I say 
critical, I mean exactly that. During recent years most 
of them have suffered loss, either of jobs or of savings, 
and under such circumstances men are prone to accept 
without serious question any scapegoat that appears 
plausible. In the confusion of fears and resentments, 
they seem to have concluded that short sighted and 
selfish business management is chiefly responsible for 
their misfortune. 

However mistaken and unfair such conclusions may 
be, management cannot ignore them. It must recognize 
that in the long run, the opinions of men are the result 
of experience, of what happens to them each day, much 
more than of what they are told. 

Progressive management has already faced that fact; 
has already begun to think and work beyond the 
technicalities of production and distribution that once 
absorbed most of its energies. It sees more clearly 
and deals more proficiently with its human responsi- 
bilities. It is learning to reconcile the economic success 
of the industrial unit with the social welfare of worker 
and community. 

Presently, every business—the small retailer as well 
as the large manufacturer—must learn how to interpret 
more convincingly to its own public the social as well 
as the economic benefits of its policies and accomplish- 
ments. Only as such business satisfies the newly 
aroused and critical interest of people in its affairs 
will it be able to disarm those who trade on the human 
tendency to blame our troubles on someone else. Yes, 
if business as a whole is to win a favorable public 
opinion, each and every business must act to improve 
its own public relations. 


The readers of this journal, and of other business 
publications, compose, we believe, a group that can 
achieve for American business a sound and lasting 
solution of this vital problem. They alone are in posi- 
tion to shape the working conditions of 21 million 
employees. They alone can mould the attitude of those 
other millions who compose the various “publics” to 
which all business must be responsible. 

Heretofore, the function of business papers has been 
to exchange successful experience; to dig up and dis- 
seminate practical facts for the use of their readers, 
serving primarily the technical and merchandising 
needs of business. But this matter of human relations 
has now become of equal importance, for good indus- 
trial and public relations, it has been found, reduces 
corporate losses, removes fear and suspicion, promotes 
operating efficiencies in both production and sales. A 
better knowledge of public relations technique is. 
therefore, quite properly essential for men in, or mov- 
ing into, positions of greater executive responsibility. 

So, beginning with this insert, each McGraw-Hill 
publication sets out to strengthen its editorial service 
in the important domain of Public Relations. I hope 
that the million readers of McGraw-Hill’s business 
papers will get much real and practical help toward 
building better relationships between their own busi- 
nesses and their employees, their customers, and the 
communities in which they must carry on. 


President, McGraw-Hill Publishing Co., Inc. 
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| LESS THAN TWO generations the United States has 
changed from an agricultural to an industrial nation. 
Living standards and efficiencies at once the despair and 
envy of other countries have been created. Foreign dele- 
gations still flock to our shores to study our methods so 
that they may use them as patterns for their own organiza- 
tions. Yet here at home today these methods and the 
systems responsible for them are under increasing attack. 

Since every person employed in productive enterprise 
is a part of American industry, these attacks imperil the 
livelihood of nearly forty million workers and their de- 
pendents. The newest addition to the payroll has as much, 
if not more, at stake as the veteran business executive. 
That also is true of particular industries which at present 
may not be under direct fire. All industry is so interre- 
lated and interdependent that even the seemingly immune 
enterprise must suffer when the legitimate activities and 
the buying power of their customers, or the customers 
of their customers, are curtailed. 

Ironically enough, public acquiescence in many of the 
current attacks is an indirect recognition of the satisfac- 
tory manner in which our industrial system normally 
functions. Reasonable opportunities for the employment 
of those ambitions to put their mental or physical talents 
to work, and continually rising standards of living have 
come to be widely accepted as a matter of course. Any 
unfavorable change in these conditions leaves the general 
public surprised, confused and resentful. Such reactions 
as these make it easy for pressure groups to unloose 
destructive propaganda which further heightens resent- 
ments and breeds new misconceptions. 

These misconceptions take many forms shaped by the 
experience, the inexperience, or the special interests of 
the critics. To one it appears that business can’t manage 
itself and must be owned and managed by the Govern- 
ment. Another believes that employees are underpaid or 
that stockholders and executives are overpaid. To others 
corporate surpluses are too high. Many have convinced 
themselves that power and machines have reduced em- 
ployment opportunities; and that industry can raise 
wages and reduce prices while costs go up. 

Several misconceptions are based on faulty generaliza- 
tions. Because a few companies have been remarkably 
successful, it is argued that all could make money. Be- 
cause some corporations have been ruthless, all corpora- 
tions, it is contended, will stoop to unethical conduct to 
gain their ends. This is like saying: John Smith killed 
Bill Brown; John Smith is auburn-thatched; all red- 


heads, therefore, are murderers. Unfortunately, those 
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who would indict all business for the crimes of a few are 
more subtle in their approach and so create an impres- 
sion not in accord with the facts. 

To put it bluntly, American industry, once so highly 
praised for its contributions to the national well-being, 
is now on the spot. Prevailing misconceptions of how 
business operates, and what it does, have made a field day 
for those who propose to hamstring or destroy private 
initiative and individual opportunity. These proposals 
run a broad gamut: They include public ownership, in- 
creasing and rigid federal control at the expense of local 
autonomy, ill-conceived legislation on hours and wages, 
labor dictatorships, and confiscatory taxes on thrift and 
employment security. 

While the man in the street may be criticized for his 
willingness to swallow these nostrums, he is not wholly to 
blame. Industry, too, has been at fault, in assuming either 
that he was fully informed on those phases of its opera- 
tions which are properly a matter of public interest, or 
that a healthy curiosity should be discouraged. Miscon- 
ceptions multiply where the facts are hidden. 


1 


HE TRAGEDY of the situation lies in the fact that it 
might easily have been avoided. In the simple days of 
local and localized industry, everybody connected with a 
particular enterprise knew everybody else connected with 
it, and the details of its operations were an open book. 
The boss and the employees were neighbors; the custom- 
ers, for the most part, fellow townsmen. Outside pur- 
chases were limited largely to those products which the 
local community neither manufactured nor raised. Com- 
petition in the modern sense was practically non-existent. 

As industry developed and enlarged its field of opera- 
tions, much of this early intimate personal touch was lost. 
The small enterprise grew bigger. In some cases combina- 
tions took in the local business and financial control 
passed out of the community. The local industry which 
still retained its identity was busy meeting increased 
competition and seeking to expand its distribution. Little 
attention was paid to changing conditions that were 
fostering misconceptions about the personal relations of 
the business. Bit by bit the close acquaintance and famili- 
arity of the early days disappeared. 

Common understanding of these things also was im- 
peded by the greater variety of occupations as industry 
expanded. Each man's job became so highly specialized 
that the old feeling of common partnership in a joint 
undertaking frequently was buried in an exaggerated feel- 





ing of the relative importance of his own work. This 
made it easy for each occupational group to get the idea 
that its contribution to the undertaking alone was essen- 
tial and that many of the other groups were parasitic or, 
at best unimportant. 

Such mistaken beliefs are the exclusive property of no 
particular group. “Goods are valueless until sold,” chants 
the sales staff, “without us the wheels of industry would 
cease to turn.” “The wheels would turn much faster,” 
growls the production department, “if we didn’t have so 
many lame-brains drawing fat salaries as salesmen.” Un- 
der the cold glance of both groups, the clerical force heat- 
edly inquires: “How long do you think this business would 
last if we didn’t keep the cost records, send out bills and 
collect the money for pay checks?” Some executives and 
engineers sometimes forget that their plans cannot be 
carried out without the cooperation of other groups. 

Possibly the greatest single cause of misunderstanding 
and friction has been fuzzy thinking on social responsi- 
bilities. Many of the responsibilities which rested on the 
individual or the state in our fathers’ and grandfathers’ 
days have been shifted to the shoulders of industry. New 
ones constantly are added or proposed—often before 
industry has had time to adjust itself to those which 
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have gone before. Some of these responsibilities affect 
employee relations; others involve customer relations. 
The worker, for example, no longer is completely defense- 
less against the occupational hazards of his employment. 
“Let the buyer beware” no longer is considered smart 
merchandising. Many of the changes now embodied in 
the laws were anticipated by industry itself. Opposition 
—valid or otherwise—to social legislation, however, has 
been used to damn business in the public eye. 


F ortunarery, the barriers to good will and common 
understanding can be broken down. The process is a 
simple one. It consists chiefly in maintaining good poli- 
cies in human relationships and in keeping all interested 
people—employees, stockholders and their neighbors, 
customers and the general public—informed. It means 
telling them in plain terms what revenue is received and 
where it comes from, what revenue is paid out and who 
gets it, how an industry serves the individual, the com- 
munity and other industries. Finally, it includes the 
acceptance of the social responsibilities which the advance 
of civilization imposes upon business. 

Add all these things and you have public relations. 
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Most employers are willing to accept their social re- 
sponsibilities, but they are inexpert in making that accept- 
ance articulate. Too many employers have failed to make 
clear their policies, their practices and their purposes as 
they relate to fair dealing with employees, investors and 


the general public. Their intentions have been good, but 


thev have cloaked them with a veil of secrecy and made 
a mystery out of simplicity. As a result the uninformed 
have been given a royal opportunity to exercise their 
imagination. And they have done it! 


PUBLIC RELATIONS is a comparatively new activity for 
most business enterprises and involves a technique which 
too many have not yet learned. Obviously, the first place 
for each company to start is within its own organization. 
This is the “inside job” that builds a company’s good 
name among its own family and lays the firm foundation 
for building public confidence and favor. As one ex- 
ponent of the art phrases it: “Industry’s public relations 
cannot be one thing and its private actions and policies 
something else. The two must be in complete accord.” 

The inside job should present no real difficulties to 
fair-minded employers. Most workers have a normal pre- 
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disposition to view in a favorable light the organization 
in which they earn their livelihood. Most companies 
endeavor to conduct their operations so as to justify that 
favorable attitude. But too few of them are adept at 
dramatizing the facts that furnish a substantial basis for 


maintaining employee good will. So, where misunderstand- 


ing and suspicion born of ignorance exist, time may be 
required to break down the barriers that have grown up. 

The task of telling this inside job to the outside world, 
however, will not be easy, for two reasons. First, it has 
been so long neglected that the backlog of misunderstand- 
ing is large. Second, public relations involves attitudes 
as well as actions, a viewpoint as well as an organization. 
Public relations is not a commodity that can be purchased 
like a car of coal or a bolt of silk; neither can it be sold 
by “canned” material. Each program to establish sound 
public relations must be individualized and indisputably 
stamped with the personality of the company promoting 
it. And the deed must always back the word! 

But the task is worth the effort. For, with the inside 
job right, a properly conceived and intelligently executed 
public relations program offers business the means of 
counteracting unjust public suspicion, unfair political 
attack. unwarranted outside dictation. The need is urgent. 
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Why Industry Must Tell| 


X REAT IS the inspiring drama of American indus- 
J try—armies of workers, mills belching fire and 
smoke, the mysterious quiet of chemical plants, 
roaring furnaces and pounding hammers, life-like intricate 
production machinery, and humming activity along as- 
sembly lines. Vast industries pouring forth countless 
wonders—the material embodiments of new theories, new 
scientific principles and new discoveries by men of 
science through the mediums of philosophy, mathematics 
and experiments. For all progress comes only from the 
brains of men. 

America's great leadership in research and learning 
is generally recognized. It has placed her in the front 
rank of industrial progress and has given to her people 
the highest standard of living the world has ever known. 
But why does the United States of America hold the place 
of leadership in science and research? Modern science 
began in the countries of Europe and England. And 
those countries had the greatest universities, the finest 
educational systems, and the governments encouraged 
and even subsidized learning and research. How was 
this leadership lost to the United States? 

Even before the World War industrial America began 
to awake to the realization that progress can come onl) 
through applied brains—scientific and technological re 
search. At the beginning of the 20th century industrial 
research had already been well established in the United 
States. Then came the war and through necessity, per. 
haps, industrial research forged ahead in a big way. 
Company after company built or expanded laboratories. 
The laboratories had to be staffed with trained men of 
the right type, and such men were scarce. In typical 
American fashion industry looked the problem squarely 
in the face and saw the glaringly apparent solution. 

Only the universities could supply the men needed for 
research, therefore, the solution was to support the 
universities and to encourage them to undertake research. 
Industrial fellowships were established, experimental 
laboratories were furnished with apparatus, funds were 
donated for research projects. America started its quick 


time march to leadership. The cooperative effort of Ameri- 


can industries to achieve research leadership did not stop 
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with this united support of industry to learning. Scien- 
tific and technical societies were encouraged and received 
funds from industries in order that general problems 
might be solved, standards established and information 
and data of scientific nature correlated. Thus united, 
industrial effort was brought to bear on many problems. 
Results have been amazing. 

But the spirit of team work carried industry still further 
in its cooperative efforts. Different industries undertook 
joint research projects, sometimes even competitors joined 
in the solution of a specific problem or the development 
of a much desired material. 

Time has proved the tremendous power of the American 
method of organized industrial research. Industry pros- 
pered and as it prospered it put into research more and 
more time and money. New developments came forth at 
an amazing rate. Everybody benefited and living stand- 
ards went up and up. Then in 1929 came economic chaos. 
Gambling. greed and dishonesty had done their work. 
Some group had to be blamed, and it is perhaps only 
human nature that the greatest onus was heaped on 
“technological developments” and “big corporations.” 
The benefits that had accrued were forgotten and the mis- 
takes made were magnified. 

Big corporations have been criticized and accused of 
exploiting the public through the power gained by the 
accomplishments of research. There are those who have 
charged that big corporations suppress patents and keep 
secret the scientific advances they have made, thus with- 
holding from the public the benefits of the progress of 
science. Big corporations are being accused in high places 
of charging exhorbitant prices for patented products. 
Industry is pictured as throttling progress and the cry has 
been raised to enact legislation that will make impossible 
the abuses charged. 

The scientific approach to the solution of any problem 
is to first determine the facts and factors, their magnitudes 
and their effects. The second step is to analyze the prob- 
lem to determine what the results might be if one or the 
other of the factors are changed or eliminated. 

With reference to the problems relating to the future 


of American industrial research, the following pages aim 
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to give an overall picture of the manner in which Amer- 
ican industry operates its research activities, how accom- 
plishments were achieved and what these accomplishments 
have contributed to the American standards of living. By 
presenting the facts of research, the article aims to con- 
tribute information on which to judge the effects of pos- 
sible changes in relations between industry, society 
and government. 

Any situations or conditions that would hamper or stop 
the triumphal march of industrial research would be a 
national calamity. Dr. L. A. Hawkins, executive engineer 
of the General Electric Company Research Laboratories, 
summarized the whole situation in this sentence, “In a 
world gone mad, let us not neglect our greatest asset and 
our greatest safeguard for the future—the potential 
achievements of brain power applied to scientific research 
in the congenial atmosphere of free inquiry guaranteed 
by the fundamental principles of democracy.” 

To estimate “the potential achievements of brain power 
applied to scientific research,” one must scan the record 
of past performances and give a measure of their value 
to society. But such a record would be impossible to give 
in full. Admittedly, words cannot adequately describe the 
great achievements of research or do justice to men to 
whom the credit is due. Often many men, groups of men 
in different companies and even in some instances, a num- 
ber of industries have all contributed to achieve the final 
result. And so great in numbers have been the dis- 
coveries of research that only a few can be mentioned in 
even a relatively lengthy article on the subject. 

In view of this, the following article is confined to the 
research activities of several companies, some large and 
some medium sized. The aim was to include different 
fields of research so that a broad picture could be pre- 
sented as an introduction to the succeeding articles. 

From this all too meager presentation it is hoped that 
the readers will gain a clearer understanding of industrv- 
sponsored research and a better appreciation of the work 
of the men to whom he world owes all of its material 
progress. May the conditions that made possible their 
prolific creations continue. Upon their achievements 
depends the world of tomorrow. 
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1 YOTAL FIGURES on research in the 
United States are impossible to es- 
tablish. Research might be almost 

academic in one company while in an- 
other it is merely design development 
work. Some companies consider engi- 
neering development and even routine 
testing as a part of their research work. 
Also, in any given company there is al- 
ways considerable overlap and an unde- 
finable boundary between research and 
experimental work, in some companies 
the same equipment being used for both 
research and routine testing. Such condi- 
tions make it impossible to arrive at even 
approximate figures on the amount of 
capital invested in research buildings and 
equipment, the number of men employed 
and the total annual expenditures. For 
these reasons it was decided to limit. the 
figures presented in this article to cover 
only a few of the largest companies. 
Even then it has been found necessary 
to estimate some of the figures. It can 
safely be said that the errors involved 
are less than 10 per cent. which degree 
of accuracy is sufficient to serve the pur- 
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pose, namely, to give an idea ef the ex- 
tent to which American industry con- 
ducts and sponsors scientific research. 

The figures given here on research 
apply entirely to research of a scientific 
nature and do not include engineering 
development work, routine testing or en- 
gineering work of a similar character. 
With reference to the figures presented, 
between 15 and 20 per cent of the time 
and money spent is on fundamental 
scientific research conducted for no im- 
mediate commercial objective but pri- 
marily for the purpose of adding to the 
fund of scientific knowledge. Between 
80 and 85 per cent of the research ac- 
tivities of these major companies is de- 
voted to finding some new material, new 
process or commercially useful 
facts for which a need is felt. 

Because complete figures could not be 
procured, the two greatest research or- 
ganizations in this country, Bell Tele- 
phone Laboratories, and E. I. duPont 
de Nemours, Inc., are omitted from the 
accompanying tabulation. According to 
the figures reported to the Federal Com- 
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munications Commission, the American 
Telephone & Telegraph Company spend 
approximately $19,000,000 per year on 
research and engineering. What pro- 
portion of this expenditure is for scien- 
tific or applied research and how much 
goes for engineering development work, 
cannot be estimated. E. I. duPont de 
Nemours, Inc., report an average of 
$5,000,000 per year for scientific re 
search, and employ approximately 1,200 
men in their research department, of 
whom about 300 are scientists and the 
remainder technicians, clerks and me- 
chanics. 

Industry's contributions to university 
research projects and to various scien 
tific and technical societies are extremely 
dificult or impossible to estimate fully. 
According to figures received from uni 
versities the total contributions in the 
form of industrial research fellowships 
runs well beyond the million dollar mark 
annually. As to contributions to various 
scientific and technical societies. these 
are not only in the form of cash but, 
of far greater value, also in the form of 





DRE Lia 


| 











HE KEY TO BETTER 


services rendered by the employees of 
industry in serving on research commit- 
tees of societies and associations. It has 
been estimated that in addition to $50.- 
000 annually contributed by industries in 
support of the more than 150 research 
and standardization projects conducted 
by the American Society for Testing Ma- 
terials, industries spend a total of about 
$350,000 annually for tests conducted in 
their laboratories by the 1,750 men from 
industry for the A.S.T.M. research com- 
mitees on which they serve. Similar 
figures apply to all other national sci- 
entific associations and societies. 

In contemplating the value of the sup- 
port given by industry to scientific so- 
cieties and technical associations, it must 
be borne in mind that it is mainly 
through the medium of such societies 


that engineers and scientists exchange 
views and information and that data are 
correlated and distributed to the scien- 
tific world. 


But the expenditures for research are 
not a measure of its value to humanity. 
This can only be judged by the accom- 
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THESE SIX COMPANIES— 


Aluminum Company of America 
Eastman Kodak Company General Motors Corporation 
General Electric Company International Nickel Company 


Westinghouse Electric & Mfg. Company 


Have invested a total of more than $8,250,000 in 


research buildings and equipment 


Employ a total of more than 750 research scientists 


assisted by 1,200 clerical workers and mechanics 


And in 1937 spent a total of more than $6,500,000 on 


scientific research 
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plishment of research, and then only in 
an abstract Admittedly, it is 
relatively for example, to figure 
dollars 
efficiency of modern electric 
and the of electric 
power. But how can the values of lives 


manner. 
easy, 
the millions of saved by the 
higher 
cost 


lamps lower 


saved, eyesight conserved, the greater 
comfort of life benefits of 


better lighting be translated into dollars 


and other 








and cents? Considering one of the lat- 
est developments in lighting, the Ster- 
ilamp which has the power of killing 
bacteria germs and microbes, how can 
one place a dollar value on its contribu- 
tion to better living? There is also the 
development of X-ray equipment, artifi- 
and the 
devices for 


cial fever machines 


electrical 


numerous 
medicine and 


surgery. 
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Seeking more knowledge about flour. 
escence to create better lamps. Bombard- 
ing flourescent minerals with cathode ray 
at Westinghouse Research Laboratories 


General Electric’s famous research tri- 
umverate — G.E. research men say,“Dr. 
W. R. Whitney, director of research, 
plays hunches with uncanny precision, 
while Dr. W. D. Coolidge is *the great 
experimenter' who always seems to hit it 
right, while Dr. Irving Langmuir, Nobel 
Prize winner, is ‘the great thinker’ who 
is a "shark! at mathematics 


One of the most striking stories in the 
annals of American research is that of 
the development of the modern electric 
lamp. Invented by Thomas Edison in 
1879, the first commercial installation of 
his carbon filament lamps was a few 
years later in the Pearl St. district of 
New York City. 

The first large spectacular installa- 
tion of electric lighting was at the 
World's Fair in 1893. where 
250,000 lamps were installed by George 


Westinghouse. 


Chicago 


The early 
a short life 


lamps were fragile, had 
and 
light per watt of energy consumed. It 
was not until 1905 that any appreciable 


gave three lumens of 











improvement in electric lamps was 
made. At that time Dr. W. R. Whitney, 
director of the newly organized General 
Electric Company Research Laborato- 
ries, Was experimenting with the newly 
invented electric furnaces. 

Many scientists were studying the 


ssible improvement of the electric 
lamps—Dr. Whitney among them. He 


thought that possibly he might be able 
to do something by experimenting with 
carbon filaments, using the new high 
temperatures made available by the 
electric furnaces. After much study and 
experimenting he hit upon the idea of 
treating the carbonized cellulose filament 
with gasoline vapor and then heating 
the filament to a high temperature. He 


Dr. Fonda of G.E. measuring the illumi- 


nation given off by flourescent materials 
exposed to ultra-violet light 





Dr. Young in the G.E. Lab at Sehenectady 
investigating the illumination given off 
by a sodium vapor lamp 





found that this produced a graphite 
like structure by virtue of which the fila- 
ment was given some of the properties of 
a metal and thereby reduced the rate of 
evaporation of the carbon. The Gem 
lamps made with this “metallized” car- 
bon filament had about 25 per cent more 
efficiency than the previous carbon fila- 
ment lamps. 

It was well recognized at that time 
that the metal tungsten, because of its 
high melting point of 6,100 deg. F. 
would be an ideal material for lamp 
filaments. Also, it had an extraordi- 
narily low rate of evaporation. But 
tungsten was extremely brittle and could 
not be drawn into fine filaments for use 
in lamp bulbs. German inventors had 
produced a cast filament which was ex- 
tremely fragile and therefore imprac- 
tical. An improvement on this cast fila- 
ment was made by mixing powdered 
tungsten with a paste and squirting it 
through small holes in a die. The paste 
was then driven off by heating the fila- 
ment by passing an electric current 
through it in an atmosphere of hydro- 
gen or nitrogen gas. This filament was 
also extremely brittle. but was used for 
lamp filaments for six years. 

There were several difficulties with the 
first tungsten squirted filaments. They 
were very brittle and were made in sec- 
tions and ends pasted together to form 
the complete filament. They did not 
burn well on alternating current. W. G. 
Housekeeper and H. D. Madden work- 
ing in the Westinghouse Research 
Laboratories, finally found in 1909 how 
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to press and squirt or extrude a continu- 
ous thread of powdered-tungsten paste 
which upon heating in a protected at- 
mosphere became a solid tungsten fila- 
mosphere became a solid filament. 


Discovery of Ductile Tungsten 


In 1905 Dr. W. D. Coolidge joined 
the General Electric Research staff and 
the problem of producing ductile tung- 
sten interested him. In 1906 he dis- 
covered the amalgam process by which 
he made ductile thick squirted filaments 
from which wire was drawn for high 
wattage and series lamps. 

For five more years he and his staff 
studied and experimented with different 
possibilities and finally, in 1911 got the 
problem. | He pressed 
powdered tungsten into a cake, heated 
it in a furnace to almost the sintering 
temperature, took it out of the furnace 
and passed an electric current through 
the cake of tungsten to heat it to the 
sintering temperature. The current was 
shut off and the tungsten was ham- 
mered while hot. This last operation 
was repeated several times, heating to 


answer to his 


successively lower temperatures and 
finally there was  produced—ductile 
tungsten. The resulting lamp, which 


was put on the market in 1913, had 
twice the efficiency of the best carbon 


Sodium vapor lamps required much re- 
search before they could be made com- 
mercially available 
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filament bulbs, but these vacuum bulb 
with tungsten filaments also blackened. 
developments fol- 
Pacz of G.E. 
in 1915 solved the problem of the fila- 
ments sagging out of shape. R. D. Hall. 


Numerous other 


lowed in rapid succession. 
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u costing $1.60 on the lumens of light produced by new 
8 90 60 watt bulbs per watt of electricity 
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How research on lamps has reduced the 
cost of electric lighting.This chart is based 
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The amazing record of results of researches in light. If the illumination 








of 1937 ‘had been attempted with the lamps of 1900, it would have 





cost $2,000,000,000 more for electricity alone at present power rates 



































Harry H. Smith and J. H. Ramage made 
improvements on Pacz's solution. The 
research activities of Marvin Pipkin of 
the General Electric Company in 1925 


brought into being the inside-frosted 
lamps. In 1926 W. B. Gero of Westing- 


house discovered how to alloy tungsten 
so as to make possible control of size and 
shape of grain and thereby eliminate the 
twisting of the filaments when at the 
operating temperature. 











In 1909 Dr. Irving Langmuir changed 
his job from that of instructor in 
chemistry at Stevens Institute of Tech- 
nology to that of research worker in the 
General Electric Laboratories. When he 
reported for his new job, he asked Dr. 
Whitney, his boss and director of the 
laboratory, for a research job to start 
on. Dr. Whitney said “I suggest you 
take a look around the laboratory and 
see if there isn't some problem that 





might catch your fancy." 
The Gas-filled Lamp 


Langmuir took a look around and 
noticed the blackening of the tungsten 
filament bulbs. Here was a problem 
that many minds were working on and 
the problem caught Langmuir's fancy. 
He immediately started working on it. 

Quite naturally, Dr. Langmuir sus 
pected that the blackening of the bulb 
was caused by the oxidation of the 
tungsten filament by the residual oxygen 
in the vacuum bulb. But the bulbs were 
evacuated as much as possible with the 
equipment then available. So Langmuir 
decided that his first job would be to 
develop a new bulb-exhausting tech 
nique to enable him to produce higher 
vacuum. Finally Langmuir succeeded 
in making lamps with vacuums much 
higher than previously obtainable. But 
it only proved to him that he was on the 
wrong track, the higher vacuum did not 
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seem to affect the blackening of the 
bulbs one way or another. 

Then Langmuir reasoned, “If less air 
has no effect, what will be the effect of 
more air, or putting in more inert gases". 
And thus he discovered that filling the 
bulb with an inert gas at atmospheric 
pressures prevented blackening. From 
this he concluded that the blackening 
of the bulb was caused by evaporation 
of the tungsten and that when the inert 
gas was put into the bulb, some of the 
molecules of the inert gas got in the 
way of the tungsten molecules being 
evaporated, thus causing them to re- 
bound back on the filament. As a result 
of these researches, the electric lamp 
bulbs were filled with inert gas—argon. 
with 10 to 15 per cent nitrogen to su»- 
press the arc formed when the bulb 
burned out. These lamps were inher- 
ently no more efficient, and in some 
sizes less efficient, than the vacuum-bulb 
tungsten filament lamps, but their life 
was longer. 

It was an investigation of electric 
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toasters that led to the next great lamp 
discovery. It has been supposed that 
the total heat loss from an electric re- 
sistance ribbon was proportional to the 
exposed area of the ribbon. But an as- 
sociate of Langmuir, investigating the 
laws of operation of electric toasters dis- 
covered that the proportionality of super- 
ficial area to heat loss did not hold ex- 
cept to a certain degree. This being so, 
reasoned Langmuir, more light without 
appreciably greater heat loss could be 
obtained by a filament that exposed a 
greater area. Coiling the filament would 
have this effect. In 1926 the drawn 
tungsten wire coiled filament gas-filled 
electric lamp was put on the market. 
During the past decade further de- 
velopments in electric lighting units 
The coiled-coil fila- 
ment, most effective in bulbs from 25 to 
60 watt capacity, further increased 
lamp efficiencies to about 15 lumens per 
watt. more than five times as efficient as 
the Edison bulbs of 1879. The accom- 
panying chart portrays the step by step 


have been amazing. 
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Stretches of hazardous highway illumi- 
nated by sodium vapor lamps such as 
this Westinghouse installation, have re- 
duced night fatalities as much as 82 per 
cent 


developments of the 60 watt electric 
lamp from 1903 to date. And further 
improvements are in the offing. 


The Sodium-Vapor Lamp 


Perfected within the last several years 
are the sodium-vapor lamps which are 
especially suited for highway lighting. 
To perfect these lamps required finding 
out how to prevent discoloration on the 
inside of the bulb caused by sodium atoms 
diffusing into the glass. Finally, in 1936, 
after years of research, a special glaze 
that would not permit the diffusion of 
sodium atoms into it was developed. 
This glaze was applied to the inside of 
the bulb, and the sodium vapor lamp 
was ready for use. 

Although these bulbs have not yet 






























The "Peanut" lamp undergoing tests at the Westinghouse laboratories. The 
light intensity is twelve times that of a filament bulb, thereby making 
possible correspondingly more powerful seurchlights and airplane beacons 


come into general use for highway light- 
ing, they have been installed on numer- 
ous stretches of highway where driving 
conditions are hazardous. 

These lamps give as much as 50 lumens 
as compared to 12 to 15 lumens per 
watt for Mazda lamps of comparable 
But their greatest value lies 
in the color of the light produced. It is 


capacity. 


the color best suited for seeing; ideal 
for highway lighting because it makes 
visible in great detail objects even at a 
great distance. Numerous reports from 
State Highway Commissions all tell the 
same story—hazardous stretches of high- 
way on which these new sodium vapor 
lamps have been installed have shown 
a great decrease in fatal accidents. 


Mercury Vapor Lamps 
The most recent lighting unit develop- 


ments have been in the mercury vapor 
lamps. Much of the energy given off 








by the old Cooper-Hewitt lamp is in 
the form of ultra-violet waves—invisible 
light. If this short-wave energy could be 
transformed to a longer wave length 
it would add that much more “visible” 
light to the output of the lamp. The re- 
search workers of the General Electric 
and Westinghouse Companies, and 
others in foreign countries, found out 
how to do it. The solution was to coat 
the inside of the mercury tubular lamps 
with compounds that fluoresce under the 
action of ultra-violet rays, thus convert- 
ing the short wave into longer wave 
lengths of “visible” light. The resulting 
flourescent Mazda lamp can be coated 
to give forth a light approaching sun- 
light more closely than any other lamp. 
It produces 25 lumens per watt as com- 
pared to about 15 lumens per watt de- 
livered by the modern 60-watt Mazda 
bulb. Also, the tubes can be coated so 
that the lamp gives forth light of any 
desired color. In such applications their 





efficiency is many times that of the ordi- 
nary colored-glass lamp bulb in which 
much of the light is absorbed by the 
colored glass. Man is making great 
progress in his struggle to approach 
with artificial lamps the efficiency of the 
firefly. 


High-Intensity Lamps 


Still further progress in electric lamps 
is in view. There has long been a great 
desire for light sources of piercing in- 
tensity to be used for searchlights and 
projectors. Recently there has been an- 
nounced by the Phillips Company of 
Holland and later by the General Elec- 
tric Company and Westinghouse the per- 
fection of the *Peanut" lamp. a water- 
cooled mercury vapor lamp. It is a tiny 
quartz tube about the size of a peanut. 
The bore is 14% mm., the outside di 
ameter 4144 mm., length about 1 in. A 
little pool of mercury at the bottom of 
the vertically held tube, which is sealed 
at each end, is heated to its vaporiza- 
tion temperature by a hot cathode. Once 
the mercury has vaporized, the current 
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flow- through the bore of the tube. When 
fully warmed, this mercury vapor lamp 
reaches a temperature of more than 
11.000 deg. F. in the core of the capil- 
lary bore and develops a pressure of 
about 25 atmospheres. It delivers up to 
4000 lumens at an intensity about 12 
times the intensity of a filament projec- 
tion lamp. The value of the increased 
safety in air and water navigation re- 
sulting from the superior searchlights 
obtained is beyond calculation. 

Still greater brightnesses are obtained 
when these lamps are water cooled. A 


noyed with the mustiness in the refrig- 
erator in his apartment. Frequently, bac- 
teria developed on the food and spoiled 
it His wife complained and that an- 
noyed him more so. She couldn't un- 
derstand why scientists who could do 
so many wonderful things could not do 
such a simple thing as eliminating the 
mustiness from her refrigerator. So 
Dr. James decided that he would have 
to do something about it. Naturally his 
first thought was to use an electric lamp. 
Sunlight killed bacteria—why not elec- 
tric light? But the heat of the lamp 


375 


would defeat the purpose of a refrigera- 
tor. So he built a low-temperature mer- 
cury vapor lamp which, because of its 
high efficiency, remained relatively cool. 

“My superior in the laboratory de- 
cided he would see just how good my 
lamp was," Dr. James related, “so he 
brought a moldy duck to the office. This 
duck had been shot on the east coast 
and was well spoiled when it arrived. 
covered with mold. I put it under the 


lamp, and twenty-four hours later was 
much surprised to find the mold dried 
up so that it could be blown off. Well, 


1.000 watt water cooled lamp has an 
internal diameter about the size of the 
lead of a lead pencil and a length of 
only about one inch and delivers about 
35,000 lumens of light. 

Dr. Marden with others of Westing- 
house has for several years been study- 
ing other metal vapor discharges such 
as zinc, cadmium and others, the most 
striking of all being tellurium vapor 
which has a continuous spectrum in con- 
trast to other discharges which have 
line spectra. 

Also much fundamental work on arcs 

and discharges is being done at Schen- f * 
nectady by such able experimenters as ] 
Found and Suits. Meanwhile practical 
lamp engineering studies by Inman of 
G.E. at Cleveland, by Nisely of West- 
inghouse at Hoboken, N. J.. and Gustins 
of Westinghouse at Bloomfield are re- 
sulting in lamp designs of ever greater 
efficiencies and usefulness. 
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Bacteria Killing Light 


B 


Dr. Robert F. James of the Detroit i 4 s: 
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Westinghouse's famous Dr. Slepian in 
his private experimental laboratory. His 
best-known accomplishment is the Deion 
circuit breaker, his greatest accomplish- 
ments are his contributions to scientific 
knowledge 


Materials — the essential ingredients of 
every successful design. Investigating 
them to establish their properties is the 
biggest single job of research 


we had that duck for dinner. and it 
was good.” But Dr. James had no way 
of telling exactly which wave length of 
light had done the bacteria killing. 
During this same time and entirely 
unaware of the activities of Dr. James. 
Dr. Harvey C. Rentschler, director of 
research at the Westinghouse Labora- 
tories in Bloomfield, N. J., decided to 
find out exactly which band of the solar 
spectrum had the power to kill bacteria. 
Of course he knew that these bands lay 
in the ultra-violet portion of the spec- 
trum and thus he was faced with the 





Dr. H. C. Rentschler, director of research at the Westinghouse Lamy Division, 
with Dr. Robert F. James pushing the slide rule, making one of UG 
intricate calculations in the course of their development of the Sterilamp 
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"Opthalmic lenses, Bausch & Lomb makes about 20,000,000 annually, in which 
the marginal images are as sharp as through the center — thanks tg the curves 
computed by Dr. W. B. Rayton 


problem of devising some means to neas- 
ure the invisible ultra-violet waves. ‘here 
was no known instrument or techuique 
and he had to find out how to do it. He 
did. He produced an “ultra-violet meter” 
which separated and measured the wave 
lengths of ultra-violet light. 

Happily in about 1933 the two doc. 
tors, Rentschler and James, met at a 
meeting of a scientific society and. per. 
haps over a few cocktails, started “swap. 
ping stories”. Dr. James told his duck 
story. Rentschler said he had a better 
one than that and told his story of the 
ultra-violet meter. They quickly realized 
that the two stories put together would 
make a better one still. And thus it 
came about that Dr. James joined the 
research staff at the Bloomfield Labora. 
tory of Westinghouse. 

For five years Rentschler and James, 
with a staff of assistants, studied, cal. 
culated and searched to find the exact 
wave length which had the power of kill. 
ing bacteria. They experimented on the 
paramecia germs. A total of more than 
50,000 man-hours were spent in tedious 
and painstaking experiments and re- 
search. At last they found the answer 
to their question. The wave length of 
2,537 Angstrom units gave the rays deal. 
ing death to bacteria and microbes, but 
were harmless to human beings. 


This discovery was only the beginning. 
An entirely new lamp with a new type 
of glass capable of transmitting the 
death-dealing rays had to be developed. 


A sturdy inexpensive commercial type 
lamp had to be designed. And then the 
effectiveness of the lamp in its practical 
applications had to be proved. In the 
spring of 1938 the Sterilamp, as it is 
called, was ready for its service tests. 
Operating rooms in several hospitals 
have been equipped with Sterilamps. Ac- 
curate records are being kept to de 
termine whether or not the operating 
rooms that are equipped with Sterilamps 
show fewer cases of infected operations. 
Will the germs blister and burst in the 
light from the Sterilamps as did the 
paramecia germs experimented on in the 
laboratory? Time will tell how great a 
boon the Sterilamp may be to humanity. 
But the Sterilamp has already proved 
its efficacy in destroying mold in re 
frigerators and in storage places and in 
sterilizing dishes in restaurants. 


Optical Glass and Lenses 


Prior to 1917 all optical glass was 
made in Europe and when the United 
States entered the World War America’s 
supply quicky became nearly exhausted. 
Fortunately, in 1912 William Bausch, son 
of John Jacob Bausch, co-founder of the 
Bausch & Lomb Optical Company, had 
already begun experiments to find out 
how to make high-grade optical glass. 

It was not only a problem of discover- 
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349,000,000 passenger-miles were 
flown and 11,000 tons of mail were 
carried in 1937 — with a safety rec- 


ord of more than 12,000,000 miles 


of flight per fatal accident. 











P e 
, 28,500 Employed in producing movies Besides the millions who enjoy the 
k í 
i 12,500 Employed in distributing movies shows, moving pictures are playing 
P € ^ B . bad . B ⸗ = 
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Plus thousands engaged in selling 


and servicing radios. 
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while in fire, flood, marine disasters, 
radio has contributed services that 


cannot be evaluated. 


Employed directly in Aviation, Movies, 


and Radio, plus tens of thousands 


who indirectly get employment from 





these industries. 





ing the mixture of raw material 'hat 
would give the desired properties to the 
optical glass. Temperature contro! in 
the melting was soon realized to be an 
important factor. Then it was discovered 
that the chemical composition and phys. 
ical properties of the ceramic materials 
out of which the melting pots were 
made greatly affected the quality of glass 
produced. Also, annealing processes had 
to be developed in order to produce 
optical glass free from internal strains, 
By 1915 Edward Bausch was producing 
optical glass of a quality that compared 
favorably with the best that had been 
imported. And finally, the necessary 
machinery for grinding lenses to the high 
degree of accuracy required had to be 
designed. Thus in the United States were 
developed lenses of the highest quality 
for range finders, periscopes, binoculars, 
aerial cameras, telescopic gunsights, 
searchlight reflectors and similar instru- 
ments. 

When the United States entered the 
World War in 1917 the government 
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türned to Bausch & Lomb Optical Com- 
pany to provide optical glass from which 
to’make lenses for the many instruments 
required. Production was doubled within 
thirty days and then doubled again. Re- 
search’ activities were intensified and the 
problems in the manufacture of optical 
glass and lenses were attacked with 
greatly increased vigor. 

When the war was over Bausch & Lomb 
decided to go after research in a big way. 
The Bausch & Lomb Scientific Bureau 
was established ‘with Dr. Wilbur B. Ray- 
ton at the head of it and a corps of able 
assistants, all men who had devoted years 
to mathematics and physics. 

Great as were the contributions of 





Bausch & Lomb to national defense, they 
have been greatly overshadowed by the 
subsequent achievements of their Sci- 
entific Bureau when results are measured 
in terms of benefits to humanity. Space 
does not permit a detailed account of 
these developments. They are a story in 
themselves. But a brief summary at least 
gives some idea of the part played by the 
Bausch & Lomb Scientific Bureau in its 
contributions to better living. 


Microscopes for Science 


In addition to the conventional micro- 
scope such as used by the medical pro- 
fession for making blood and bacteria 
counts, and used by metallurgists for 
studying grain or crystal structures, other 
types have been designed to fill par- 
ticular needs. The Microtome cuts tis- 
sues samples from any part of the human 
or animal body into slices as thin as 
1/25,000 of an inch. Scientists needed 
an instrument with which these tiny 
organisms could be handled and dis- 
sected. For this purpose, the Fitz Micro- 
manipulator was developed, a microscope 
that is equipped with tiny mechanical 
fingers and dissecting knives by means of 
which the scientist can manipulate and 
dissect the minute tissues while observing 
them through the microscope. 

Another field of study in medicine was 
to determine the effect of pressure on 
micro-organisms. The centrifuge has 
long been used to separate solids from 
liquids. This device was also used to 


develop pressures in liquids containing 
micro-organisms, but there was no way of 








determining what was happening to the 
micro-organism. This led to the develop- 
ment of the new Harvey-Loomis cen- 
trifuge microscope with which one can 
see through a microscope the micro- 
organisms as though they were standing 
still, though they are whirling at the rate 
of 10,000 r.p.m., thus permitting the study 
of the effects of increasing pressure on 
the organisms. 

Undoubtedly the whole scientific world 
would never have reached the present 
high plane were it not for the availability 
of powerful microscopes. Rare is the 
piece of research that does not require 
the use of optical instruments. Refracto- 
meters for analyzing colors, the spectro- 
graphic apparatus to determine the ele- 
ments in material being analyzed, polari- 
scopes for locating strains in glass ware, 
opacimeters for determining the opacity 
of papers, X-ray sterescopes with which 
equipment the physician can obtain pic- 
tures of internal organs in three dimen- 
sions, and photomicrographic apparatus 
for recording all of the phenomena of 
microscopic structures. 


Recent Developments 


Latest in the development of optical 
instruments is the spectrograph, now com- 
ing into general use in the fields of metal- 
lurgy. chemistry, physics and biology. 
Using quartz optical systems which are 
capable of transmitting the ultra-violet 
waves, the spectrograph is capable of 
detecting as little as 1/80,000,000ths of a 
milligram of an element in a minute 
sample volatilized on graphite electrodes. 
No element, no matter how insignificant 





in quantity, can escape identification ind 
through the use of the spectrograph quick 
and accurate analyses can be made on 
minute samples. The value of this d: vel. 
opment to science, industry and soc ety 
is beyond estimation. 

Another recent development in optical 
equipment is the use of polarized light in 
metallographic equipment. The polar- 
ized light eliminates surface glare and 
reflections, thus exposing the true colors 
of the surface and enabling the identifica- 
tion of different ingredients. 

It would be impossible to describe all 
of the uses for lenses. Suffice to say, 
medicine, surgery and science would still 
be in their infancy and photography and 
motion pictures in their present high 
state of development would not exist were 
it not for the amazingly accurate and 
powerful lenses now produced. Research 
made it possible to produce them. 


Contributions to Education 


As their Scientific Bureau grew, and 
their business along with it, the heads of 
the Bausch & Lomb Optical Company 
realized that it would be good to create 
sources for a supply of brains and tech- 
nical skill to carry on their work to still 
higher levels. So they founded the 
Mechanics Institute of Rochester, an in- 
stitution designed to give training in all 
the mechanical arts. Then Bausch & 
Lomb and the Eastman Kodak Company 
jointly sponsored the Institute of Applied 
Optics which is now housed in the Bausch 
& Lomb Physics Building, donated by 
Bausch & Lomb to the University of 
Rochester. These are examples of the 
generous vision and interest displayed by 
many American companies and indus 
trialists in improving the facilities for 
education and the training of men who 
furnish the brain power that spells 
progress. 


Researches in Materials 


In this introductory article only an in 
significant portion of the great story of 
Research in America has been told. 
Though much has been contributed to 
better living by the amazing develop 
ments in electric lamps and optical 
lenses, even more amazing have been the 
accomplishments of researches in ma- 
terials and electronics. 

It has been said that progress can be 
no faster than the rate of developments 
in new materials. This has been illus 
trated in the history of the electric lamp 
that had to await the discovery of ductile 
tungsten. It is again illustrated in the 
history of lenses and microscopes. that 
had to await high-grade optical glass. 

The next article of this series which 
will appear in the November number. 
will give an account of some of the 
accomplishments of research in the field 
of materials. 












BEARING CONSTRUCTION 


Its Relation to Performance and Life 


ALBERT B. WILLI 


Chief Engineer, Federal-Mogul Corporation 


Analysis of test results which shows that the life expectancy 


of engine bearings is largely dependent upon manufacturing 


methods as well as upon the materials used in construction 


materials and design refinements 

with which to increase the life and 
load capacity of bearings the possibilities 
offered by some of the known materials 
and designs are often overlooked and neg- 
lected. Conventional tin-base babbitts 
seem to be outstanding examples of this 
inattention. 

Babbitt composition or analysis to se- 
cure certain physical properties has al. 
ways been considered to be of governing 
importance in  babbitt-lined bearings, 
both in the steel and in the bronze-backed 
types. Obviously this is important, but 
in addition the manner in which the bab- 
bitt in the lining and the steel or bronze 
in the back are utilized are of equal im- 
portance. The truth of this statement is 
evident from test observations. 

A 100-hr. endurance test run on four 
groups of connecting rod bearings made 
by different manufacturers revealed some 
interesting data. The engine in which 
the bearings were tested was mounted on 
a hydraulic dynamometer. All the bear- 
ings tested were steel-back, babbitt-lined 
and of the Precision type. The composi- 
tion of the babbitt in all bearings was 
practically identical, as was also the 
steel analysis. The design elements also 
were identical in all. The wide variation 
in the condition of the various groups of 
bearings after test, which are shown in 
Figs. 2, 3, 4, and 5, cannot therefore be 
attributed to differences in material com- 
position nor in design. Throughout the 
tests extreme care was used in duplicat- 
ing assembly and operating conditions to 
make sure that no variable factor was 
introduced which might affect the life of 
the bearings. The designations Type A, 
B. C and D in Fig. 2, 3, 4, and 5, were 
used to identify the product of each man- 
ufacturer. 

To explain why one group of bearings 
can pass the test with an area of failure 
of only 19.4 per cent and another group 
is able to withstand only 60 hr. and 14 
min. of the projected 100-hr. test requires 
an investigation of the methods used in 
the manufacture of the various groups. 


T THE never ending search for new 
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A steel-back babbitt-lined bearing can 
be made by either of two different basic 
methods of manufacture, namely, from 
flat babbitted strip steel such as is shown 
in Fig. 6(A) or as shown in Fig. 7 from 
steel tubing with the babbitt centrifugally 
cast (spun in). A number of variations 
which pertain mainly to the application 
of the babbitt and the preparation of the 
steel for babbitting are possible in both 
processes. 

These different methods of manufac- 
ture and their variations differ in cost 
and very evidently establish a corre- 


for the same length of time under the 
same operating conditions. 

If the work to be performed is within 
an 800 Ib. per sq.in. rating, it is obviously 
questionable economy to use a more ex- 
pensive bearing, but conversely, the cost 
differential sometimes becomes a power- 
ful temptation to apply the 800 lb. per 
sq.in. product in places where conditions 
demand a bearing of higher capacity. 

The most inexpensive steel-back bab- 
bitt-lined bearing is made from flat bab- 
bitted strip steel. Such bearings have 
obtained a high degree of popularitv. 
particularly in passenger car applica- 
tions. To overcome certain bearing ail- 


ments in heavy-duty work attempts have 
been made to use bearings made from 
steel tubing with the babbitt centrifugally 
cast-in and with the back surface ground 
after babbitting. 


There is no assurance, 





Fig. 1—Steel-back babbitt-lined bearings have a range life expectancy which 
depends as much upon method of manufacture as upon the materials from which 


they are made 


sponding range in life expectancy or 
mileage within certain limits. In the 
making of cheap bearings certain opera- 
tions may be omitted or they may be per- 
formed differently, however, in the fin- 
ished product it is practically impossible 
to distinguish any differences between a 
cheap bearing and an expensive one. The 
cheapest steel-back babbitt-lined bearing 
can be roughly rated to carry a maximum 
unit pressure of 800 to 1,000 Ib. per sq.in. 
for a given period of time under certain 
operating conditions, and the most ex- 
pensive bearing of the like style can be 
rated to carry 1,400 to 1,500 Ib. per sq.in. 


however, that such bearings will possess 
any improvement unless certain points 
are properly established, which particu- 
larly involve the length of the tube to be 
babbitted and the preparation of the in- 
side of the tube for babbitting, and the 
place of the back-grinding operation in 
the sequence of operations. 

The length of the tube to be babbitted 
is a very important consideration in the 
maintenance of uniform quality of bond 
and babbitt structure. As shown in Fig. 
7 the cooling or solidification of the bab- 
bitt should be directed from the center 
of the tube toward the ends. If the tube 














Comparative Tests on Engine Bearings 
FOUR SETS EACH STEEL-BACKED AND BABBITTED 


Material Analysis Conditions of Test 


BENEBNNk. ...ooncaxeves£unsareErcasieAMm all S.A.E. No. 1010 MEE E oed dim pa een re rear pcd 3.700 r.p.m. 
BaABBITT MINING Sc trier ats coh ua aco ise aes sae S.A.E. 30 Mobiloil 
Copper Antimony Tin Lead Oil sump temperature.................... 205 to 210 deg. F. 

EM TR. LLLA eoo da 3.50 1.50 88.75 0.25 BN MD MM... tn 1,646 Ib. per sq. in. 
USOS 3.38 1.91 88.62 0.09 erret vnl 1.059 Ib. per sq. in. 
"S LE iacente S 2.30 1.41 90.10 0.19 PE iun DNE), ..Locsss ovo boy x a OVEM 
"ER ax EE 3.68 1.89 88.25 0.18 Zn/P (bearing factor) ............ Bd cn ada c Mn 20.5 


























44 Upper 45, Upper 45 Lower 


Fig. 2—Type “A” bearings at conclusion 
endurance run. 
per cent of total developed bearing area 





*5 Lower 


#5 Upper 


ing failed completely. 


is too long, a harmful cooling effect will 
be set up from the ends inwardly toward 
the center which will be the last portion 
of the babbitt to cool and consequently 
will be in a more plastic condition than 
the metal on either side of it. Shrinkage 
and porosity is likely to occur in the last 
portion of the babbitt to cool resulting in 
an impairment of the bond, localized 
stresses in the babbitt, poor babbitt struc- 
ture and early failure of any bearings 


Total area of failure in all bearings is 19.4 





Fig. 4—Type “C” bearings after 90-hr. run. 
Total area of failure in all bearings 
is 55 per cent of total developed bearing area 





#4 Upper *4 Lower 


of 100-hr. standard 
endurance run. 





45 Upper 





#2. Lower 





*5 Lower *6 Upper *6 Lower 


Fig. 3—Type “B” bearings at conclusion of 100-hr. standard 
Total area of failure in all bearings is 27.79 


per cent of total developed bearing area 


*G Upper  '  *6Lower 


Number 5 bear- 


Fig. 5 
14 min. 
failed completely and was no longer serviceable 


which may be made from these sections 
of the tube. The areas of shrinkage and 
porosity may be !5 in. to l in. or more 
from each end of thé tube. 

It is, of course, much cheaper to use 
long rather than short tubes since more 
bearings can be made from a single tube, 
but the quality of the babbitt and bond 
is not uniform. nou 

If good adhesion of the babbitt to the 
teel tube is to be obtained the surface 











*6 Lower 


Type “D” bearings after a run of only 60 hr. and 
The test was stopped because number 4 bearing 


or surfaces to be lined must be perfectly 
clean. The least expensive way of at 
tempting to obtain a condition of clean- 
liness is by pickling; however, there ap- 
pears to be certain hazards connected 
with this method because of differences 
and variables in the surface condition 
of the tube, that is, in the amount of 
rust, grease and scale which may be 
present. Considerable care must be 
used by the operator to make sure that 
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Babbitted surface 


Flat blank cut from a length of 
tinned and bobbitted steel strip 





Flot biank is die formed to the shape of 
a bearing shell. After forming, usually no subsequent 
operations are performed on the back contact surfaces 


the pickling time is adjusted to suit the 
particular conditions of the various runs 
of tubing, otherwise all the surfaces to 
be babbitted will not be perfectly clean 
and many bearings are likely to possess 
an inferior bond condition. 

To obtain greater uniformity in the 
cleanliness of the steel surfaces prior to 
babbitting the tube may be bored, but 
this is more costly than pickling. When 
boring the feed may be coarse, about 
0.030 in. or it may be fine, about 0.010 
in. Which feed should be chosen? 

Assuming a bearing with a finished 
steel thickness of 0.044 to 0.048 in. a 
babbitt lining thickness of 0.010 to 
0.015 in., and a boring feed of 0.030 in. 
then the cross-section of the bearing 
wall will have the general appearance 
as shown in Fig. 9(A); this sketch is 
much larger than actual size. With this 


No contact exists at these points 
Heat conductivity will be seriously 
impeded and premature failure of 
the babbitt lining by cracking is to 
be expected under these points 
due to overheating 





construction in a bearing the action of 
the sharp points of the “threads” may be 
harmful in prematurely breaking down 
the babbitt under load. Also with this 
deep cut considerable steel is removed 
thus weakening the back. 

The same steel bearing shell that is 
shown in Fig. 9(A) and 11(C) is again 
shown in Fig. 9(B) and 11(B) bored 
with a 0.010 in. feed, and the points of 
criticism are apparently considerably 
improved. Boring the tube to these 
specifications, however, is more costly 
than either pickling or boring with a 
coarser feed. 

An additional advantage of the steel 
shell when bored with a 0.010 in. feed 
over an unbored and pickled steel shell 
is that greater bonding area is obtained 
in the same length of bearing. Fig. 
9(C) and (D) compare graphically the 


Fig. 8—Showing areas of porosity in excessively long centrifugally babbitted steel tube 





í In this long tube these oreas 
were last to cool. 


After boring out the babbitt and etching, 
areos of porosity and shrink are present. 
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Fig. 6—(a) Stages in the manufacture 
of a babbitted-strip bearing. (b) Back 
surface of a babbitted-strip bearing 
*blued-in" under 1,200 lb. pressure to 
show condition of contact surface 


Fig. 7—Diagram showing the effect of 
cooling and solidification of babbitt 
“spun in” a steel tube which is too long 
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Air blast AS other tz 
cool ium — 
TN NUTS End plates on 


— costing machine > 





Cooling ond solidification hos storted ot the center of the 
tube where the air blast is directed. The desired direct 
ion of progressive solidification is toward the end plates 
and the external surfoce of the tube. 





The tube is so long thot it is impossible to maintain the 
correct temperature differential to properly direct the 
heat flow. Cooling ond solidification has storted at the 
ends and is progressing toword the center. ` 





bitt to cool will be in a. more plastic condition thon the sur- 
rounding metal. 





the bobbitt to cool which will result in an impoirment of 
the bond, the formation of localized stresses, and non- 
uniformity of bobbitt structure. 


increase in bonding area when the tube 
is bored. 

A bearing with a finish-ground back 
should be expected to show practicallv 
100 per cent contact over the entire back 
surface, but as shown in Fig. 10, this 
is not always true. The poor back con- 
tacts are the result of finish-grinding 
the babbitted shell oversize before- sepa- 
rating -it into halves. The amount of 
oversize is governed by the stock re- 
moved: when the shell is split. With the 
shell ground oversize, and the outside 
diameter desired is obtained by die form- 
ing, the backs are not always true 
cylinders. 

Perfectly true backs can be obtained, 
however; if-the bearings are ground in 
halves. These remarks concerning back 
contact pertain mainly to- steel-back 
bearings with a wall thickness of 3/32 
in. or larger. The operation of finish- 


















Sharp points against which the 
babbitt lining is hammered. 
Fatigue cracks may $ 
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grinding the half shell is more expensive 
than grinding the shell oversize in the 
full, followed by separating and form- 
ing, but a truly round back contact is 
obtained and maximum heat conductiv- 
ity is therefore assured. 

It is to these various elements of bab- 
bitted-strip bearings, bearings made from 
centrifugally babbitted tubes, tube length, 
preparation of the tube bore for babbitt- 
ing, and condition of the backs that the 
differences in the condition of the bear- 
ings shown in Figs. 2, 3, 4, and 5 are at- 
tributed, and while the bearings described 
have all been lined with tin-base babbitt, 
the same conditions exist with respect to 
bearings lined with cadmium-silver and 
high-lead babbitt. 

The specifications to which bearings 
are purchased, or at least on which 
tentative quotations are obtained usu- 
ally consist only of a drawing showing 
the physical dimensions required and 
the materials desired. Very seldom is 
there any mention of these vital elements 
involving how the desired materials are 
to be fabricated into a bearing and 
which enter into the matter of cost and 
bearing life expectancy. 

A condition exists wherein bearings 
are too frequently procured on the basis 
of competitive prices which are founded 
on incomplete specifications. The 
cheaper product often fails to give satis- 
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ao, so the unit pressure is much lower, 
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faction. The user, for one reason or 
another, may not be familiar with the 
possibilities of increasing the capacity 
of his bearings by methods which are 
readily available, although at a slightly 
higher cost, and is likely to change to 
a much more expensive type of bearing 
material or get into costly design 
changes involving associated parts. 
The cure for this condition is suf- 


Fig. 10—Bearings made from steel tub- 
ing and the backs ground. Grinding 
operation, however, was performed at 
a point in the sequence of operations 
to obtain lowest cost rather than highest 
quality. “Blueing in” the backs shows 
a very poor contact 


Fig. 9—Section through typical connect- 
ing rod bearing with the steel shell 
bored with (a) a 0.030 in. feed, and 
(b) a 0.010 in feed; (c) typical bearing 
shell babbitted without boring, and (d) 
shell bored with a 0.010 in. feed show- 


ing increase in bonding area 


ficient knowledge of the bearing operat- 
ing conditions, which may be generally 
classified as load, speed, temperature, 
and lubrication, and then to match 
against this knowledge the proper ma- 
terials of bearing construction in com- 
bination with how those materials are 
to be processed to obtain the proper 
bearing capacity and finally to include 
both in a comprehensive specification. 


Fig. 11—(A) Inside surface of steel shell prepared for babbi:ting by pickling. 


Note the smoothness of surface. 
with 0.010 in. feed. 


(B) Steel bearing shell bored in the tube 
(C) Steel bearing shell bored in the tube with 0.030 in. feed 
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ELECTRONIC CONTROL 


Gaging and Registering Applications 


R. A. POWERS 


Vice-President and General Manager, Electronic Control Corporation 


Application of photo-electric 
cells and amplifiers to meas- 
ure pieces, control tempera- 


ture, inspect surfaces and 


control registration in printing 


and packaging machines 


N THE preceding articles which ap- 

peared in various issues of Product 

Engineering, both simple and special 
applications of photo-electric systems and 
standard light relays were described. This 
concluding article will deal with photo- 
electric equipment which requires a more 
careful consideration of light sources, 
photo-electric cell housings and optics 
in the design and installation of electronic 
control apparatus to perform efficiently 
unusual operations. 

Since control by means of a beam of 
light is frictionless, it is natural that this 
method should be used for measuring 
dimensions of objects where limits are ot 
the order of 0.0001 in. Thousands of 
pieces can pass through a beam of light 
and not destroy the accuracy of the gage. 
Beams of light with photo-electric cells 
are used for measuring and grading for 
selective fit objects having less than 
0.000] in. dimensional variation. An 
auxiliary optical system and photo-electric 
cell can be installed below a locating 
block so that in the event wear takes 
place or should dirt accumulate the gage 
will be inoperative until the faulty con- 
dition is corrected. 

Naturally, in measuring devices the 
amount of light variation, reaching the 
various photo-electric cells which control 
automatic rejection at various stages, is 
of a very low value. So small is this 
variation in light in one particular gage 
which is used for measuring and grading 
to 0.0001 in. that the image shadow cast 
by the object being measured, as com- 
pared with the illuminated portion, can- 
not be detected by the unaided human 
*ye. To insure accurate results when meas- 
uring to these close limits a change of 
0.0001 in. in the object size must be op- 
tically magnified so that the change will 
cause total eclipse of one, or illuminate 
totally the cathode of another, photo- 
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Fig. 1 
dies of a resistance heater. 


Close-up view of operator placing a valve stem between the hydraulically driven 


The photo-electric cell housing can be seen as the tubular 


structure, while the small air blast from the tube can be seen blowing the smoke away 
from the oil covered tip of a valve as it comes up to heat 


electric cell. Since the cathodes are ap- 
proximately !5 in. wide the change in the 
original object is magnified about 5.000 
times. Light intensity decreases by the 
square of the magnification, therefore, it 
can be appreciated that the light intensity 
change occurring at the photo-electric 
cell is negligible, as too much light can- 
not be used in illuminating the surface of 
the object being measured. A large total 
illumination on the subject being meas- 
ured would increase the temperature and 
destroy the accuracy of the gage. 
Automatic gages are now being de- 
signed for the inspection of automotive 
engine pistons. One of the stages of in- 
spection is to determine if all the oil 
holes in the lower ring groove have been 
cleanly drilled to insure good lubrication 
of the cylinder wall. The complete in- 
spection device will mechanically lower a 
series of photo-electric cells, one for each 
oil hole, down over the piston and at the 
same time a light source consisting of a 


15 candlepower automobile headlight 


bulb will be inserted into the piston. The 
light traveling through the oil holes. 
which are approximately 1/16 in. in 
diam., will impinge upon the sensitive 
If any 
one of the photo-electric cells does not 
receive the correct amount of illumina- 
tion, the common photo-electric amplifier 
will close a relay circuit automatically 
rejecting this piston. In automatic in- 
spection for oil holes anywhere from five 
to nine photo-electric cells may be con- 
nected to one sensitive amplifier. 

The frequency response of the caesium 
emissive type photo-electric cells is pre- 
dominant in the infra-red band of the 
spectrum. The maximum response of the 
average photo-emissive cell is in the in- 
visible region between 8.000 and 10.000 
Angstrom units. Consequently, this cell 
when correctly used performs the func- 
tion of an accurate tempeature indicator 
and control. 

To obtain satisfactory photo-electric 
temperature control or indication all 


area of each photo-electric cell. 








Mercury lamp Photo-electric cells 
x fo compensate for 
\ Finish variations and 


/ resulting change in 
reflected light, 
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pPhoto-electric 
Rol! under cells used for 
inspection rejection 





Fig. 3—Optical system and approximate 
set-up for photo-electric inspection of 
rollers for cracks and flows. A mercury 
lamp illuminates the surface of the 
roller. The optical system picks up the 





Fig. 2—Complete valve image oj the brightly illuminated. surface 
tip heater using resist- and projects it back within the housing 
ance heating and photo- to the photo-electric cells. The cells in 
electric temperature con- the upper group are used to compensate 
trol. Initiating switch is for variations occurring in the metal finish 
shown on the floor. In and resulting change in total amount of 
this early model the reflected light, the lower cells are used 
photo-electric cell was for the rejection. The mercury lamp pro- 
mounted in the black ducing modulations in light intensity, 
tube attached to the according to the frequency of the supply. 
bottom of the photo- ing power, makes a.c. amplification 
electric amplifier possible 
ambient light, such as the variations in heater for heat-treating the extreme tip — draulically pressed over the ceramic in- 
extraneous illumination between day-time of valve stems. The operation of this sulator, and resistance heating to anneal 
and night-time, must be excluded from unit is simple. The operator places the at 900 deg. F. the king pins of front axles 
the light sensitive area of the cell. Several top of the valve stem between the hy- for motor cars. 
means have been introduced to do this. draulically driven dies which close upon The applications described in the pre- 
With an optical system side light may be the section to be heated. These dies are ceding paragraphs of the more exacting 
entirely excluded, but the heated object the terminals of the secondary of a weld- requirements of photo-electric equipment 
under inspection may reflect to the photo- ing transformer, as soon as sufficient make use of transmitted light. There is 
electric cell the variations in normal room pressure upon the dies has been built up another large field in which reflected 
light changes. Because infra-red energy a pressure switch energizes a welding light is used with photo-electric equip- 
is very poorly reflected by the average transformer primary contactor. The top ment such as color matching, inspection 
dark objects or black machinery found of the valve stem is brought from room of surface for flaws or cracks, following 
in machine shops, it is most desirable to temperature to 1,800 deg. F. in approxi- predetermined charts, registration control 
combine an optical system, which will mately 4% second. Heat is generated rap- from printed cards, and even alarm sys 
limit the area of light pick-up. with a idly and a small amount of over-timing tems are operated by reflected light from 
filter which will exclude all light except will result in burning the tip of the valve objects passing into forbidden territories. 
the invisible infra-red energy. stem, while a short timing results in in- 
sufficient heating. Only the photo-electric Inspection of Rollers 
Thermal Inertia Eliminated cell can accurately turn off the heating 
current when the correct temperature Some feeble attempts have been pat 
The photo-electric cell when properly within plus or minus 20 deg. F. is ented which embody photo-electric means 
applied has many advantages in tempera- reached. The complete device consists of inspection of rollers for roller bear 
ture control and indication over the con- of the resistance heater, the clamping ings. but in all of these attempts only à 
ventional thermocouple or other similar mechanism and the control. Accurate small linear surface of the entire roller 
devices. The photo-electric cell com- temperature maintenance is made pos- has been inspected at one time. As the 
pletely eliminates the problems encoun- sible with photo-electric cells and their roller is revolved the optical system pick 
tered with the thermocouple caused by associated amplifying tubes. An infra- ing up the light from the surface is 
thermal inertia. The inertia present, be- red filter eliminates the necessity of con- moved through the length of the roller 
ing merely that of light, the photo-electric tinually changing adjustments of photo- so that each portion is inspected. While 
cell is almost instantaneous in response. electric amplifier sensitivity to overcome this system offers some advantages over 
As a result of these advantages, photo- changes in ambient light. the human eye, it is not rapid enough 
electric means of control] are used in Similar photo-electric cell devices are and will not compensate for variation: 
many heat-treating and annealing opera- used for other heating operations, in- in colors occurring because of the surface 
tions where the heating cycle is extremely cluding the resistance heating of steel variation of the various rollers. 
rapid. Fig. 1 and 2 show a resistance shells of spark plugs as they are hy- Recently a photo-electric system has 
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been employed which inspects the entire 
length of the roller at one time in which 
it is necessary to revolve the roller only 
one revolution for a complete inspection 
of its surface for cracks, flaws, chips, 
rough spots or other irregularities which 
if present make it desirable to reject the 
roller. This type of photo-electric in- 
spection device is equipped with a com- 
pensating photo-electric system so that 
over-all variations in reflected light, be- 
cause of change in color or change in 
quantity of reflected light resulting from 
variations in the finish or in the steel 
from which the roller has been made will 
automatically compensate themselves. 


Control of Registration 


The optical system used in conjunction 
with the photo-electric cells, amplifier. 
detector, and final amplifier for inspect- 
ing the entire linear length of a roller 
is shown in Fig. 3. To insure speed of 
operation the output stage of the photo- 
electric amplifier used a gaseous tube 
with a d.c. potential applied to the anode. 
Firing, because of a crack or a flaw, 
initiates a rejection solenoid circuit until 
a new roller is indexed into the focal point 
of the optical system. A limit switch opens 
the anode circuit when a new roller is 


indexed into position allowing the re- 
jection solenoid to return to normal until 
a crack or flaw appears before the op- 


tical system and the resulting photo- 
electric cells. The average roller which 
is 11% in. in length and %4 in. in diam. 
can be readily indexed into the fixture. 
inspected, rejected, or passed and an- 
other roller indexed in less than one 
second, providing the mechanical equip- 
ment is properly designed. 

In the near future photo-electric in- 
spection of surfaces will open up an 
entirely new field for automatic control. 
and the photo-electric cell will actually 
become an “Electric Eye,” because it not 
only compensates for variation in original 
surface but it also picks out cracks and 
flaws which cause less decrease in illu- 
mination of photo-electric cells than do 
the variations resulting from changes in 
metal structure. 

Control of registration by means of 
reflected light from printed paper in 
automatic packaging machines is not a 
new application, however, the possibility 
of having die sinking machines follow 
the original lines of a drawing offers a 
promising field for photo-electric adapta- 
tions. At present photo-electric cells used 
in what might be called a differential cir- 
cuit are accomplishing automatic control 
from predrawn charts. Three-way control 
is obtained by means of two photo-electric 
cells, or one photo-electric cell with a split 
or dual cathode. Control is accomplished 
through relay or tube circuits. As long 
as one cathode of the cell is illuminated 


Fig. 4--Typical Camera Finish Picture of horses finishing almost in a dead heat. 
The photo-electrically controlled camera made it possible to separate the two 
horses as they struck the finish wire 
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and the other cathode is dark no control 
results, but in the event that the pre- 
viously illuminated cathode becomes dark 
control operates in one direction; while if 
the previously darkened cathode becomes 
illuminated, control results in the op- 
posite direction until a position is found 
at which no “hunting” occurs. This type 
of differential circuit is being used for 
measuring, grading, sorting and also 
for controlling registration location of 
web in presses and automatic line follow- 
ing operations. 


Removing Human Equation 


Aside from industrial applications of 
photo-electric cells and electron tubes, 
but of interest to many people is the 
application of photo-electric cells, as- 
sociated amplifiers and relays for the 
operating of accurate Camera Finish 
Equipment as used at America's leading 
race tracks. A curtain of light is pro- 
jected across the track just preceding the 
finish line. A picture is automatically 
snapped when a horse, with nose on the 
finish line, intercepts the curtain of light. 
Fig. 4 is a typical picture produced 
through electron tubes and photo-electric 
cells. The picture is completely finished 


in 90 seconds after the horses cross the 
line, and an 8x10 in. enlargement is 
placed in a cable car and delivered to 
the judges stand. The human eye never 
could detect the winner in a finish as 
close as this. In the past the judges would 
have ruled this close decision a “dead 
heat.” The public would never be satis- 
fied because of their inability to have 
seen the finish as the judges saw it. Now 
the judges receive the picture within 90 
seconds, and within five minutes after the 
race a group of enlargements are posted 
throughout the grandstand so that the 
public may see how the judges obtain 
their decision. This is just another 
photo-electric application that insures 
public confidence and reliability of elec- 
tronic equipment over the not infallible 
human equation. 

Many photo-electric applications, elec- 
tron tube applications. optical and as- 
sociated equipment have fallen by the 
wayside because the mechanical engineer 
did not fully appreciate the involved 
problems of electronics and optics as- 
sociated with his desired use of tubes. 
Moreover, photo-electric and mechanical 
problems have also suffered because the 
specialist in electronics and optics did 
not know product requirements or shop 
practice. To obtain the best results from 
either built-in to product or individual 
photo-electric equipment the electronic 
engineer should consult and combine his 
efforts with the mechanical engineer. The 
cooperation of engineering talent on all 
sides of a special problem cannot be too 
strongly stressed and encouraged. 


Modern Designs 


Plastie Molding Machine Has Induction Heating 


YDRAULICALLY operated throughout. 
H the latest Reed-Prentice plastic in- 
molding machine. Model 10-D. 
has a specially designed inbuilt heating 
unit of the induction type. Coils of in- 
duction heating cylinder are wired so that 
at cold starting they are in parallel and 
When tem- 
perature is within six degrees of setting. 
coils are automatically switched to series 
Should temperature during 
machine operation drop six degrees, coils 
will be automatically switched to parallel. 

Mold locking pressure of 175 tons is 


jection 


heating effect is quadrupled. 


connection. 


supplied by a cast steel toggle-link mech- 
anism. Toggle end of the machine is 
adjustable through a screw mechanism. 
Entire injection end of the machine is 
also adjustable. Machine is arranged for 
manual. single-cycle automatic or full- 
automatic operation. 

Safety latch on pilot valve lever pre- 
starting; and further 
protection is afforded by a Vickers inter- 
lock valve which closes the hydraulic 
circuit when the safety door is opened. 


vents accidental 


Air-bleeding 
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On manual operation, the machine is 
controlled by two levers: one for mold 
closing. and the other for injection cyl- 
inder operation. A selector switch on 
the control panel governs single-cycle or 


Rapid, uniform heating is provided 
by the induction heating cylinder through 


Induction 


Pressure kiasia 
—— 


— Hopper 
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full-automatic operation. During auto- 
matic operation, the machine is controlled 
by three timing switches adjustable from 
0.2 to 120 sec. One times the period of 
pressure on the plunger, the second de- 


— ee a ka aoe 


E Mere I 


which the material fed from the hopper is 
forced by the Nitralloy plunger. 


Pump unloading timer 


4, Three-way 
$4 switch for 


— * nozzle heat 


———— — 


termines curing time, and the third sets 
the length of time the molds are open. 
On single-cycle automatic operation, the 
plunger timer and curing timer only are 
used for machine control, 
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controller 


\Twist-lock connector 
for nozzle heater 


Cross sectional view of the induction Heat is generated in the steel core itself, possible to place the thermocouple closer 
heating unit on the machine. The cyl- and the ratio of heating surface to heated to the material and thus reduce lag be- 
inder, which has small-diameter holes surface is very large, thus practically tween actual material temperature and 
through which the material is forced. uniform heating of the material is ob- temperature which is recorded at point of 
also serves as the induction coil core. tained. With this type of cylinder, it is control. 


Air-bleeding va/ves 












Front dre plate 
Air-bleeding valves 


— a 

m m ; 
Housing for 
20-hp. motor 


Nitralloy 
plunger 


Chute for moldings Water connection 





Rear view oí machine showing water has a Nitralloy liner and plunger is also provided with 10% in. bronzed-bushed 
connections. Inbuilt Harrison radiator of Nitralloy steel. Stationary die plate bearings on tie bars. Knockout device 
water-cools hydraulic oil stored in a reser- is cut from a solid steel plate 4% in. removes molded pieces when machine is 
voir of 70 gal. capacity in the cast iron thick. Movable die plate is a steel cast- operating automatically. Ejection chute 
base of machine. Injection feed cylinder ing 4% in. thick, ribbed for strength and adjusts for front or rear delivery. 
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Modern Designs — Plastic Molding Machine — continued 
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Induction heating cireuit automatically shifts coils from Control panel, operating on 220 volts single phase a.c. per- 


parallel to series connection when temperature reaches six mits one-cycle automatic or full-automatic operation. On full- 
degrees below control setting. and shifts coils back to parallel automatic operation. machine is controlled by three timing units; 


connection when temperature drops below six-degree limit. on one-cycle operation only two are used. 
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Valve does c/osed Plunger 7 switch 
die not open cy/inder [Hk 
cy/inoler - until safet | 
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/ al~ —— Vhers C-252-B1 —) 
—Á FA /nterlock valve c 


normally open 220 V. -phase 60 cycle 
“Microflex” electrical 


timing devices adjustable te -- 
From 2/o sec .fo /20 sec. — — 
—XM "74-way valve 


plunger 
EX cylinder 

















— 4-wa 
dol vedi eti 
7 mm 


cylinder 





-Lever for manval 
| operation 














«-- -Check vo/ve 
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\ Pressure 
| goge for 

| pressure 
on plunger-. 


al f 
“manual Wo) No.12; 


operation 4 y 


Pressure gage 
for die closing 
cylinder, 






One cycle " Pressure 
Li E Jj T reducing 
Au nen '(c^ ^  Sele -- valve 
Pas son 100-1000 tb. 
— — A s . - — — Sg.in. 









- 20 hp. mofor 
1200 rp.m. 


--- Vickers C-254-A 
Normally closed 







Combination Vickers pum 

bypass check V-148A A200 7. p.m. 60 cycle 

and relief Tank 63 g.p.m. up to 250/b. 

valve E g.p.m. af 1000 (b. 

C-603-B-J-S7 63 g.p.m. æt 1,000 1b. on injection stroke 
Hydraulie pressure js furnished by a plates close, a limit switch on the die pump volume at maximum pressure for a 
Vickers combination pump direct-coupled cylinder energizes the solenoid which ac- fast injection stroke. The interlock valve 

i to a 20-hp. motor. The pilot line, which tuates the pilot valve that starts the in- remains open until the timer, set for a 

carries oil under pressure to the valve jection stroke, and also opens the inter- required time of injection stroke, times 
controlling the injection stroke, is in lock valve so that oil under pressure in out; then the valve closes and the pump 
series with a solenoid-operated interlock the pilot line prevents the pump from unloads. Die movement can be slowed 
valve, normally closed. When the die- unloading. This makes available full down by manual operation of globe valve. | 
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Modern Designs— Safety Control Prevents False Operation 


THE CLEVELAND 


10-7 


piv 


^"Confro/ 
Panel 


O s a 







Drofection y Disconnect 
| Switch 
y Handle 
Y 
Contro/ pa 
P elay 
MY sa a Control 
ed Dower 
Transformer 


Rotating cam-type limit switch contacts are opened by 
positive cam action. minimizing the possibility of the press 
continuing to run because of the failure of contacts to open 
at the proper time. Installation and maintenance expense, aad 
the possibilities of wiring failure are reduced through the use 
of a minimum number of external control wires. 
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Equipped with an electrically con- 
trolled, air operated friction clutch with 
four station selector, this press, manufac- 
tured by the Cleveland Punch and Shear 
Works, is so designed that when force is 
exerted, it is carried directly against the 
steel tie rods of the frame through the 
straightening links and the rocker shafts, 
thereby relieving the crankshaft of the 
blank-holding strain. Press has both 
inner and outer slide, with the outer 
slide functioning to hold the material 
securely while the inner slide performs 
the blanking or drawing operation. 

Magnetic control panel, rotating cam- 
type limit switch and oil-proof push- 
button stations combined, form the Gen- 
eral Electric control system used on this 
press. Four different operations from 
"continuous stroke” to “inching” are pos- 
sible. Hazards from wiring failures 
caused by severe vibration and oil have 
been reduced by a specially designed 
control transformer which permits ar- 
rangement of the control circuit so that 
one or more grounds at any point in the 
system cannot energize the solenoid or 
cause it to remain energized beyond the 
time dictated by normal system func- 
tioning. 


SEQUENCE OFSELECTOR- | L, L4 
SWITCH CONTACTS | 


} 1 Fused 
/ ] disconnect 


switch 


^ SEQUENCE LIMIT 
SWITCH CONTACTS 
CLOSES AT TOP OF STROKE 
OPENS AFTER LS3 CLOSES 


CLOSES AS PRESS STARTS — 
DOWN, OPENS AT TOP OF STROKE 


CLOSES WHEN PRESS IS 
NEARLY DOWN, OPENS AT 
TOP OF STROKE 


* 
Confro/! fransformer 


CIRCUITS SHOWN ARE WITH PRESS 
AT TOP OF STROKE, AND WITH 
SELECTOR SWITCH SET FOR "SHORT" 
CYCLE 


C8 9441-L$467A 
limit switch $ 
(or equivalent ) 


Two sets of contacts are provided on each side of the 
solenoid. Should several grounds occur in the connection, the 
solenoid cannot be energized unless the control contacts are 
closed. Thermal relays in the solenoid circuit provide protec- 
tion against failure of the solenoid to seat. A fuse disconnect 
switch interlocks with the control panel door. 
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Modern Designs— Simplex Projector Has Metered Lubrication 


Built-in automatic lubrication as 
an integral part rather than as an acces- 
sory, was designed into the new Simplex 
projector. Model E-7. by the Interna- 
tional Projecto Corporation in coopera- 


tion with Bijur Lubricating Company en- 


gineers. This centralized pressure-lubri- 


NN | 


Meter unit, installed in the feed line. 


automatically proportions the correct 


amount of oil to each bearing. Clearance 


Metering pin 





cation which was especially 
adapted to machine requirements, con- 
sists of a lubricator pump, oil reservoir, 
distribution line and four meter-units. 
Improved projection is assured by syn- 
chronized front and rear shutters and a 
redesigned film gate. 


system, 


Check valve 


between metering pin and passage wall 
determines rate of oil flow. A check valve 
prevents drip and maintains tubing sys- 













Finger lever 





Orl level sight 


Depressing finger lever raises the 
piston and the correct amount of oil is 
forced into the distribution lines. This 
“one-shot” lubricator has a built-in filter 
and is provided with a window for visual 
check of oil level. Reservoir has 14 pint 
capacity and an oil level check sight. 


tem full of oil between pump operations. 
A felt filter, built into the meter unit, 
provides secondary filtration of the oil. 
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voir unit 
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Interior view of the right side of the projector shows compact Junction and branches are located in front of projector hous- 
installation of the lubricator pump and distribution system. ing. as shown in this left side interior view. Meter units are 
Reservoir is 2 in. wide. 3 7/16 in. long. and 2?4 in. high. Lubri- finished in chromium and feed lines in aluminum to blend with 
cator pump. developing 35 lb. per sq.in.. was redesigned in order interior finish. Depression of the pump lever forces 3/10 c.c. 
to mount the pump-reservoir unit in a limited space. of oil through the distribution system. 





Passage-o// 
filled at time 
of assembly 















Forous 
_--- bronze 
bushing 
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Porous 
a“ 

, bronze 

bushing 


Drilled 
passage - 
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d filled af fime 
of assem bly 


ra 


í 4 
Pes" - U--- Solid ^ 
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Section A-A 
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shat? 





Schematic diagram of oil distribution amount of oil to the junction from which ice two bearings each. a total of six 
lo projector bearings by this automatic point oil is fed through copper tubing bearings being lubricated automatically 
lubrication system. Single feed line from 3/32 in. outside diameter to the four with a predetermined amount of oil by 
pump and reservoir unit carries required meter-units. Two of the meter-units serv- one shot of the midget pump. 
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Modern Designs 
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Threefold objective in restyling the 
\ustin-Western Patrol Sweeper was to 
improve appearance, facilitate mainte- 
nance and lessen difficulties in keeping 
working parts and exterior clean. As de- 
signed by Austin-Western engineers the 
machine met all service requirements at 
low operating cost but gave the impres 
sion of being an assembly of stock parts. 
Better appearance was obtained by low. 
ering the radiator, shortening the intake 
pipe and eliminating all projecting units. 
Machine was redesigned under the direc- 
tion of F. D. Wilson, chief engineer, co- 
operating with Glenn W. Tammen of De- 
signers for Industry. 








RANDOM JOTTINGS ABOUT NEW DEVELOPMENTS 


Synthetic plastic is used in the new 
Ebolite halftone printing plate manu- 
factured by the American Process Cor- 
poration, Chicago. Tests of the plate by 
the Chicago Graphic Arts Federation 
showed economy in first cost, good wear- 
ing qualities, light weight with resultant 
saving in postage, and faithful reproduc- 
tion in 100, 120 and 133 line screen. 
The shoulderless plate permits new 
effects in layout and typography. 


LE * < 


Accelerated tests, calculated to be 


equivalent to four years’ service in sand- 
laden sea water have shown that a new 
baked-on coating system, based on a 
Bakelite heat-reactive varnish, will pro- 
tect ship propellers from corrosion, abra- 
sion and electrolysis. 





Photrix electronic timer, which can be 
set to a minimum of 0.2 sec., enables 
operator to control exposures in the split- 
second region with as much accuracy as 
in the usual 5-20 sec. range. The en- 
larger or contact printer is plugged into 
the timer, which automatically opens 
the circuit after the time of exposure 
determined by the selector switch. 


* * a 


(An oxygen cylinder of nickel-chrom- 
ium-molybdenum steel, which was de- 
veloped by the British for mine rescue 
work, weighs less than six lb. yet con- 
tains 10% cu. ft. of free gas at a test 
pressure of 3,360 lb. per sq. in. The 
cylinder, if it had been made of ordinary 
steel. would have weighed more than 
twice as much for the same capacity. 





pressure-type oil 
burner, product of American Radiator 


Newly designed 
Company, has two-stage fuel pump, 
sirocco-type fan of aluminum, and ¥ hp. 
Ohio motor direct connected, with flexible 
coupling between motor shaft and pump. 
Fuel pump has built-in Monel strainer. 
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For Alternating Plus Steady Loads 


J. B. KOMMERS 
University of Wisconsin 


Method for determining safe stresses for parts subjected to 


both alternating and steady stresses based on the static yield 
a v 


point and the endurance limit for completely reversed stresses 


ANY machine parts are subjected 
M to alternating stresses upon which 

steady stresses are superimposed, 
where designers wish to know what maxi- 
mum stress may be used for indefinite 
endurance for various ratios of minimum 
to maximum stress. 

When various ratios of minimum to 
maximum stresses are employed the 
Goodman diagram, shown in Fig. l, is 
often used to represent the behavior of 
wrought ferrous metals under the action 
of repeated stresses. The line EB repre- 
sents the ultimate tensile strength, and 
the minimum stresses for the various 
cycles are plotted along the 45 deg. line 
DOB. The maximum stresses are as- 
sumed to fall along the line CAB, in a 
manner such that CD represents the con- 
dition of completely reversed stresses. 
The endurance limit is taken to be 33 
per cent of the ultimate tensile strength. 

Objections to this diagram are: First, 
few experiments have been made to 
verify its correctness, undoubtedly be- 
cause the experimental verification re- 
quires the determination of a series of 
endurance limits for a variety of ratios of 
minimum to maximum stress, which is 
tedious and expensive even when an ap- 
propriate machine for the tests is avail- 


E Ultimate Tensile 
| Strength Sy 


1.0 ~ 
i 


Fig. 1—Goodman range-stress diagram 
which is sometimes used to show the 
behavior of wrought ferrous metals 
under the action of repeated stress 
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able. Secondly, for wrought ferrous met- 
als the average ratio of endurance limit 
to ultimate tensile strength is more 
nearly 50 per cent rather than 33 per 
cent. A more important objection is that 
it would probably never be desirable to 
use a cyclic maximum stress which ex- 
ceeded the yield point of the material, 
because such a stress could cause unde- 
sirable permanent deformation. There- 
fore, all that part of the diagram lying 
between the yield point of the material 
and the ultimate tensile strength is use- 
less for practical applications. 

To overcome the first objection to the 
Goodman diagram, H. F. Moore and the 
author proposed the following formula 
for the maximum stress in any cycle: 


Smar = (3S.,)/(2—r) Vv nkadee ROI 
in which Smas = the maximum unit stress 
in lb. per sq. in. in a cycle. 
Sı = the endurance limit in lb. per sq. 
in. for completely reversed stresses, 
r — the ratio of minimum to maxi- 
mum unit stress in a cycle. This may 
be positive or negative depending on 
whether the stresses are of the same 
or opposite sign. 


No constant ratio of the endurance 
limit for completely reversed stresses to 
the ultimate tensile strength is assumed. 
but the formula does assume that the en- 
durance limit is 1.5 S , when the mini- 
mum stress is zero, as required by the 
Goodman diagram. While this formula 
disposes of one objection to the Good- 
man diagram, it does not overcome the 
main objection mentioned in the preced- 
ing paragraph. When suggested it was 
stated that this formula did not justify 
the consideration of maximum stresses 
which were high enough to cause static 
failure, either elastic failure or rupture. 

In 1910, J. H. Smith published in the 
Journal of the Iron and Steel Institute. 
Part II, 1910, p. 246, a paper on a series 
of tests in which he used diagrams hav- 
ing the average or mean stress in a cycle 
as abscissas and the maximum and mini- 
mum stresses as ordinates. Fig. 2 shows 
one of these diagrams with the experi- 





Limiting range for 3.25 nickel- 
endurance tests 
(J. H. Smith). Average or mean stress 
in a cycle is plotted as abscissa, the 
maximum and minimum stresses are 
shown as ordinates 


Fig. 2 
steel deduced from 


mental results obtained from endurance 
tests. Smith employed a machine which 
permitted him to apply completely re- 
versed alternating stress plus various 
amounts of mean stress to determine cer- 
tain “yield ranges.” The specimen was 
subjected to an alternating stress plus a 
small increment of mean tensile stress, 
and then the mean stress was changed to 
the same amount in compression, con- 
tinuing with increasing increments of 
mean stress until a slight yielding took 
place. It was found that the maximum 
stress for the yield range was not in gen- 
eral the ordinary tension or compression 
yield stress, and that the same specimen 
could be used to determine the yield 
range for various values of mean stress. 
The yield range diagrams were similar 
to that shown in Fig. 2 and the impor- 
tant conclusion was drawn that the yield 
ranges were equal to the Wohler limit- 
ing ranges. 

A simplified diagram that requires for 
its construction only the static yield 
point and the endurance limit for com- 
pletely reversed stresses, and that uses 
straight lines instead of curves, is 
shown in Fig. 3, from which can be ob- 
tained the maximum and minimum 
stresses which can be withstood indefi- 
nitely for any value of mean stress. Also, 
the maximum stress so obtained will not 
cause permanent deformation. 

In the simplified diagram the mean or 
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average stress Sg, is plotted as the 
abscissas and the alternating stress has 
the maximum and minimum stresses 
plotted as ordinates. When the same 
scale is used for ordinates and abscissas 
a 45 deg. line, the upper end of which 
corresponds to the static yield point, can 
be drawn through the origin of coordin- 
ates. Two straight lines are drawn from 
the static yield point value to the plus 
and minus values of the endurance limit 
for completely reversed stresses with 
mean stress zero. 

Instead of the static yield point, the 
upper limit of stress in the diagram 
should be the unit stress at which no de- 
formation takes place with time. Since 
such creep limits are usually not avail- 
able, the static yield point is considered 
to be a sufficiently accurate approxima- 
tion. For steels having an upper and 
lower yield point, the lower value is 
chosen. lt is to be clearly understood that 
when the alternating stresses are tension 
and compression the tensile yield point 
is used, while for torsional stresses the 
yield point in torsion is employed. 

A comparison of Fig. 2 and 3 will 
show that Fig. 3 will usually give maxi- 
mum and minimum stresses on the side 
of safety. since the stresses found by 
alternating stress experiments usually lie 
outside of the straight line limits. 

The following notation will be used in 
discussing this diagram: 


Smar = Maximum unit stress in a cycle 

Smin minimum unit stress in a 
cycle 

Sar = mean or average unit stress in 
a cycle 
5, — alternating unit stress in a 
cycle 








TABLE I—Test Data From Three Different Steels 





l 2 


Ultimate 
Tensile 
Strength 
lb/sq. in. 


NENNEN a aa 134,500 
BRE eq vom o AEEA 19,500 
0.37% C (Sorbitic)........ 102,600 





Kind of Steel 





3 1 5 
Endurance Endurance 
Yield Point Limil Ratio 
lb; sq. in. lb/sq. in 
61,800 48,800 0.36 
52,200 34,000 0. 143 
87,300 57,000 0.56 


— ——————————————————————————— — 


5, — static yield point stress 
5, — the endurance limit for com- 
pletely reversed stresses 
rı = (Sar)/(Sy) = the ratio of the 
mean stress in a cycle to the yield 
point stress. 
From Fig. 3 the following equations 
are evident: 


Saa — Sev + Ss ee eee ( 2 ) 
Smin — Sav — Se e**020920€992929*929^5 (3) 
dass DAR S PEATE E (4) 


So = (Sues d- Suis) /2 ........(5) 

When making a comparison between 
the results obtained from Equation (1) 
and from Fig. 3, it is desirable to have 
the maximum stress taken from Fig. 3 
expressed in terms of r, the ratio of the 
minimum to the maximum stress in any 
cycle, which can be expressed as: 


9) a. 


S = : 
(l—r) + [S-i (1 + r)/S,| 


maz 


s» + (O) 


lt is interesting to compare the maxi- 
mum stresses obtained from Equations 
(1) and (6) for three different carbon 
steels. The yield points in tension and 
the endurance limits for completely 
reversed bending stresses shown in Table 
| were determined by the author. The 
endurance ratio, shown in Column 5 of 


Fig. 3—Simplified diagram for alternating stress plus mean stress using straight 
instead of curved lines. Fig. 4-—Alternating stress diagrams for three different 
materials to illustrate that it is possible to have several materials with different 
yield points and in addition all have the same endurance limit for completely 
reversed stresses 


Table I, is the ratio of the endurance 
limit to the ultimate tensile strength, 
which for wrought ferrous metals is 
approximately 0.50. The steels were 
chosen to represent metals in which the 
endurance ratio is very low, medium, 
and quite high. 

From the data in Table I, the values 
of Smar, shown in Table II, were calcu. 
lated from Equations (1) and (6), with 
values of r as listed. 

For all three steels Table II shows 
that as r increases from —1 to 0, Smax as 
given by Equation (1) increases, until 
at r equal to 0 the value of Smar exceeds 
the yield point for the 0.62 per cent 
carbon steel, and is almost equal to the 
yield point for the other two steels. For 
r between 0.2 and 1, the values of Sing, 
as given by Equation (1) all exceed the 
yield points of the materials. If the maxi- 
mum stress employed in design is to be 
such that the possibility of excessive 
deformation must be avoided in addition 
to the possibility of failure by fatigue. 
then any values calculated from Equa- 
tion (1) which exceed the yield point 
have no significance for the designer. 
In contrast to this, the values of Sma: 
calculated from Equation (6) are seen 
to increase gradually for r between —1 
and 1, that is, from the endurance limit 
for completely reversed stresses to the 
yield point. 

When the designer has available the 
endurance limit for completely reversed 
stresses and the yield point, Fig. 3 and 
Equations (2), (3). (4). (5), and (6) 
provide a simple means for determining 
endurance limits for various combina- 
tions of alternating and mean stress. 

Herold, in *Wechselfestigkeit metal- 
lischer Werkstoffe," 1934, points out that 
if a specimen is carrying a constant 
static. stress and is then subjected to 
alternating stresses of increasing ampli 
tude, allowing the alternating stress for 
each increase of amplitude to act until 
equilibrium is established, the mean 
stress at first will remain constant, inde- 
pendent of the value of the alternating 
stress, as has been shown by Smith. 
However, beyond a certain alternating 
amplitude, which is again dependent on 
the value of the mean stress, the mean 
stress will decrease. This maximum alter- 
nating stress which can just be sup 
ported with a given mean stress without 
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causing the mean stress to decrease, is 
designated as the alternating yield limit 
corresponding to this mean stress. It is 
glf-evident that construction elements 
must not be stressed above the alternat- 
ing yield limit, therefore, the alternating 
yield limit is as important in the prac- 
tical application of materials as is the 
endurance limit. 

Experiments indicate that the alter- 
nating yield limit is not influenced by 
notch effects, and can therefore lie above 
the endurance limit in certain cases. In 
constructing a diagram like Fig. 3, there- 
fore, the highest permissible stress 
should be chosen at which rupture will 
not occur because of repeated stresses, 
but under which permanent deformation 
will also not occur. If the alternating 
yield limit lies below the endurance 
limit, then the former is decisive, and 
vice versa. For polished steels the en- 
durance limit is usually decisive up to 
that part of the diagram at which the 
minimum stress of the cycle is zero. 
Beyond this point the alternating yield 
limit must be employed. 

The author has tested annealed Armco 
irm and found the endurance limit fo: 
completely reversed bending stresses to 
be 15 per cent higher than the yield 
point obtained from a static tension test. 
For such materials it is suggested that 
the diagram of Fig. 3 be constructed by 
using the yield point rather than the 
endurance limit for the case of zero 
mean stress. This would make the line 
for $4; horizontal when constructing the 
diagram, but otherwise there would be 
no change. 

A similar phenomenon may be encoun- 
tered in connection with non-ferrous 
metals since they have no yield point 
in the sense that many steels have yield 
points. In such cases the so-called “yield 
strength” is determined by finding the 
unit stress on a stress-deformation curve 
at which the permanent deformation is 
0.1 or 0.2 per cent. If the yield strength 
so determined is less than the endurance 
limit for completely reversed stresses, in 
constructing a diagram like Fig. 3 it is 


suggested that the yield strength be used 
at zero mean stress. 

In constructing alternating stress dia- 
grams, Herold points out that several 
materials with different yield points may 
all have the same endurance limit for 
completely reversed stresses, Fig. 4 
shows three such materials. The dia- 
gram shows that when the weakest 
material is stressed to its yield point the 
alternating stress would have to be zero. 
For the other two materials, however, it 
would still be possible to apply some 
alternating stress when this same mean 
stress is used. Thus, materials with high 
yield points have a distinct advantage 
not only in withstanding static stresses, 
but also combinations of alternating 
stress plus mean stress. 

Experimental results of combinations 
of alternating stress and mean stress 
for cast irons are meager. Moore, Lyon, 
and Inglis have reported in the Univ. of 
Illinois Bulletin No. 164, 1927, some re- 
sults for a cast iron which had an ulti- 
mate tensile strength of 31.600 and an 
ultimate compressive strength of 111,000 
lb. per sq. in. For cases of tension and 
compression in which the tensile stress 
in the cycle was numerically greater 
than the compressive stress the authors 
suggest the use of Equation (1). For 
cases of tension and compression in 
which the compressive stress was 
numerically greater the following for- 
mula was suggested which fitted the 
experimental results quite reasonably. 

Smaa = 6 S_,/(1—5r) beac newer 

It should be understood clearly that 
the use of diagrams such as Fig. 3 and 
of Equation (6) is advocated only when 
the designer is working with materials 
for which complete information regard- 
ing the various fatigue limits for differ- 
ent ratios of r is not available. It is true 
that the endurance limit for completely 
reversed axial stresses is sometimes less 
than that for completely reversed flexural 
stresses, but the use of the endurance 
limit from rotating-beam tests is sug- 
gested as it is more generally available. 


As a practical application of Fig. 3 


TaBLE II—Maximum Unit Stresses for Three Different Steels 
For Various Ratios of Minimum to Maximum Stress 

















0.62% C. Steel 0.27% C. Steel 0.37% C. Steel (Sorbitic) 
Value — ^ — — — — — à 
of From From From From From From 
r Equation (1) Equation (6) Equation (1) Equation (6) Equation (1) Equation (6) 
mg 18,800 18,800 34,000 34,000 57,000 57,000 
-0.8 51,300 19.900 36,400 35,200 61,100 59,100 
—0.6 56,300 51,300 39,200 36,500 65,800 61,300 
-0.4 61,000 52,700 42,500 38,000 11,300 63,600 
—-0.2 66,600 54,100 46,300 39,500 11,100 66,400 
0 13,200 55,600 51,000 41,100 85,600 69,100 
0.2 81,300 51,200 56,700 43,000 95,000 12,300 
0.4 91,400 58,800 63,800 45,000 106,800 15,200 
0.6 104,500 60,700 13.000 47,200 122,000 19,300 
0.8 122,000 62,600 85,000 49,700 142,000 83,300 
1.0 146,400 64.800 102,000 52,200 171,000 87,300 
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and the equations suppose for example: 
A part is to be subjected to stresses in 
tension varying from 10,000 to 20,000 Ib. 
per sq. in. and if the material to be 
used is the 0.27 per cent carbon steel 
mentioned previously, what will be the 
factor of safety? 

Here S is 34,000 lb. per sq. in.. S, 
is 52,200 lb. per sq. in., and r is 0.5. 
From Equation (6): 

Smaz = 

2 X 34,000 

(1 — 0.5) + [84,000 X (1 + 0.5)/52,200) 

= 46,000 Ib. per sq. in. 

This value of Smaz is the unit stress 
which could be applied indefinitely with- 
out failure, and since the actual Syne, 
is to be only 20,000 lb. per sq. in., the 
factor of safety, so far as repeated 
stresses are concerned, is 46,000 divided 
by 20,000 or 2.3. The factor of safety 
with respect to the ultimate strength may 
be found by considering that the point 
C in Fig. 3 corresponds to the case of 
static loading, when r is unity, and the 
alternating stress is zero. For the steel 
under discussion the ultimate strength 
is 1.5 Sy, therefore 1.5 multiplied by 2.3. 
or 3.45, is the factor of safety with re- 
spect to ultimate strength. 

Suppose the problem to be slightly 
different. Suppose the ratio r is to be 
0.5 and the factor of safety as based on 
ultimate strength is to be 4, what value 
of Smaz is permissible? When a factor of 
safety of 4 is applied to the ultimate 
strength, the point C in Fig. 3 is reduced 
from 78,500 to a working unit stress of 
19,600 lb. per sq. in. This simultaneously 
reduces the working S., in the ratio that 
19,600 bears to S, or 52,200, which is 
0.375. Therefore, the working or allow- 
able S., is 34,000 times 0.375, or 12,800 
lb. per sq. in., and from Equation (6): 

Allowable Smas = 

2 X 12,800 

(1 — 0.5) + [12,800 X (1 + 0.5)/19,600] 

= 17,300 Ib. per sq. in. 


This value can be checked against the 
previous solution in which 20,000 lb. per 
sq. in. was found to be the Smar with a 
factor of safety of 3.45. Thus: 

Allowable Smaz = (3.45 20,000) /4 

= 17,300 lb. per sq. in. 

To illustrate a case in which r is minus, 
suppose that the minimum stress is com- 
pressive at 10,000 Ib. per sq. in., and the 
maximum stress is tensile at 20.000 Ib. 
per sq. in. Determine the factor of safety 
with respect to the ultimate strength. 
using the same steel as in the previous 
examples. In this case, r = —0.5, then 
from Equation (6): 

Smaz = 37,200 lb. per sq. in. 

The factor of safety for repeated stresses 
is therefore 37,200 divided by 20,000 or 
1.86; and since the ultimate tensile 
strength is 1.5 S,, 1.86 multiplied by 1.5 
or 2.79 is the factor of safety with respect 
to the ultimate. 
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DIE-CAST OR STAMPED 


Design Advantages and Relative Costs 


HERBERT CHASE 


Part Il—Additional discussion of factors that enter into the 


choice between the use of die-castings or of stampings with 


more cost data and examples of parts made by both processes 


Engineering the author set forth the 

advantages and disadvantages or 
limitations of die-cast and stamped parts, 
as he sees them and gave specific ex- 
amples illustrating many of the points 
made, together with cost figures drawn 
from many different sources. Since pre- 
paring the first part of the article, the 
author has visited numerous additional 
plants in which die-casting and/or 


f THE August number of Product 


stampings are produced or purchased 
for assembly .into a large variety of 
products and has discussed the relative 
advantages of both types of parts with 


numerous engineers and production men. 
Data on several specific parts produced 
or figured for production by both meth- 
ods have been gathered. 

In one plant the author was told that 
more die-castings would be used were 
it not that the dies required often take 
longer to make and put into use than do 
stamping dies, partly because the latter 
are often assembled from several parts 
whereas fewer parts or perhaps only 
two halves are needed in die-casting dies. 
This condition doubtless applies in some 
cases, especially where only blanking, 
piercing and simple bending operations 





are required, but if drawing dies are re- 
quired for the stamping, the condition 
may be reversed. 

From another manufacturer comes the 
information that the maintenance on 
tools, of which a large proportion are 
for stamping presses, has run over a 
period of several years between fifty and 
seventy five per cent of the cost of new 
Although these figures probably 
do not apply in many cases to dies pro 
ducing stampings for which die-castings 
might be substituted, it is a fact that 
maintenance charges on stamping dies 
are often high whereas they are much 
lower in dies for die casting, especially 
when the dies are for zinc alloys which 
cast at a relatively low temperature. In 
the latter case, maintenance charges are 
an extremely small factor especially if 
the dies are well made initially. 


tools. 


One-piece die-cast rotor for sirroco- 
type blower, 894 in. diam., has 48 blades 
l'i& in. long, weighs 2915 oz. it dis 
placed a stamped and assembled steel 
rotor. The die for die-casting cost 
approximately $750. The finished and 
balanced die-castings cost the purchaser, 
who owns the die, about half of what he 
formerly paid for the finished stamped 
rotors assembled to a sand-cast hub. 

The die-cast rotor is a hub with a 
flange having integral blades cast on one 
side. The blades are supported also by 
an integral ring the inside diameter of 
which is equal to the diameter at the 
outside edge of the blades so that the 
core forming the blade spaces is readily 
withdrawn. Small nibs are cast on the 
flange, which are ground off as required 
in dynamic balancing to within 0.002 in. 
oz according to the die-caster. 'The 
keyway is formed when die-casting. 

In the stamped rotor, the blades are 
formed separately and have at each end 
projections which are inserted in holes 
in a side and a ring plate and are then 
riveted over to fasten the assembly to 
gether. A sand-cast hub is then riveted 
to the side plate. Data on the cost of 
the stamping dies are not available, but 
as these include numerous punches for 
piercing the holes for blade fastening, a$ 
well as a die for blanking the blades 
and for forming them, it is doubtful if 
their cost is lower than that for the die 
casting die. Assembly operations and 
machining of the sand-cast hub also im 
crease the cost of the stamped unit. 
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Support bracket for use in a radio 
receiver. Was actually produced as a 
stamping but would have been die cast 
had it not been possible to secure the 
stampings in finished form more quickly. 
The parts are not exact duplicates but 
perform the same function, the die-cast- 
ing being made in one piece with inte- 
gal mounting bosses, whereas the 
samping requires the addition of screw- 
machine parts which have to be staked 


M: 
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Die- casting 





Swivel bracket for outboard marine 
eigine, produced in both die-cast and 
stamped form. The die-casting was used 
frt and was produced in aluminum 
alloy to gain light weight and resistance 
to salt-water corrosion. The part sup- 
Pris the entire weight of the engine 
ad forms the pivot about which the 
gme is turned in steering. Some 
breakage occurred in service and this 
fact, together with the lower piece cost 
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in place. Only blanking and bending 
operations are required on the stamped 
part, no drawing being needed. Appear- 
ance is not of special importance, but 
the stamping, which is of cold-rolled 
steel, has to be cadmium plated to 
avoid rusting whereas the die-casting re- 
quires no applied finish and is not sub- 
ject to rusting. Actual quotations on the 
die for die-casting was $410, and for the 
castings themselves $139.50 per M in 
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L ; ON EACH SIDE 


FROM THIS FACE 


ofethe $tamped assembly resulted in sub- 
stitution of the latter. In producing the 
stámped assembly, three sets of dies are 
réquired for blanking and forming the 
two major parts from No. 14-gage 
(0.078-in.) hot-rolled steel and one from 
No. 22-gage (0.031-in.) hot-rolled sheet 
steel, the total cost of the dies and 
fixtures being approximately $1,075. The 
pivot is a piece of S$-in. seamless steel 
tubing with No. 14-gage wall. Assem- 
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lots of 5,000 and $138 per M for lots of 
20,000. The stamping dies cost $695 
and the piece price was $107.40 per M. 
On this basis, the total cost dies in- 
cluded, in lots of 5,000 is $1,232 for the 
stamping and $1,107.50 for the die-cast- 
ing. In lots of 20,000, however, the 
lower piece cost for the stamping brings 
the total cost, dies included, to $2,743 
as against $3,170 for the die-casting. 
Strength is satisfactory in either form. 
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bly is effected by arc welding the main 
stamping to the tubing and spot welding 
the remaining stampings to the main 
stamping, after which the assembly is 
zinc plated, given a dichromate treat- 
ment and aluminum painted. The steel 
assembly is much stronger than the 
aluminum die-casting. The die for the die- 
casting cost approximately $1,235. The 
weights are 10% oz. for the die-casting 
and 141% oz. for the stamped assembly. 
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ELASTIC MODELS 


For Studying Stresses in Welded Joints 


E. W. P. SMITH 


Consulting Engineer, The Lincoln Electric Company 


Method for investigating and comparing stresses in various types 


of welded joints by observing the deformations produced in scale 


models made of elastic materials when subjected to loads 


utilizing of material in equipment 

and parts, so that it is distributed to 

the best advantage, are especially impor- 

tant when welding is used to fabricate 

the material into an integral homogenous 
structure. 

Some idea of the stress distribution in 

a loaded joint or part of a machine can 

be obtained by subjecting an elastic 

scale model of the joint under investiga- 


e. DIES having for their purpose the 


tion to a load and then observing the 
deformation produced at critical areas. 

Any elastic material can be used for 
the models with good results, provided 
the test loads applied do not stress the 
material beyond its elastic range. Rubber, 
is a convenient material to use because 
it possesses a low modulus of elasticity, 
has a fairly uniform structure, is easily 
obtained and can be readily cut with a 
sharp knife. The deformation produced 


in the rubber used is approximately 600. 
000 times larger than the deformation 
which would be produced by the same 
load on a steel specimen of similar shape 
and size provided, of course, that the ma. 
terials are not stressed beyond the point 
where a permanent set results. 

The method of making and using the 
models is as follows; squares or other 
suitable patterns are layed off on a rubber 
sheet of uniform thickness, after which 
the type of joint to be investigated js 
drawn to scale on the ruled rubber sheet 
and then cut out. The dimensions of the 
squares are carefully measured at m 
load and recorded for the various section: 
of the model. The model is then sub. 
jected to known loads and measurements 





Fig. 1—Single Vee-joint with 20 per cent 


reinforcement and a heavily reinforced- 


double vee-joint. (a) Before loading. (b) 


Load applied. Deformations in the heavily . 


reinforced Vee are small at outer edges 
and large at center. Less reinforcement 
would improve the stress distribution 


Fig. 2—Single Vee-joint with 20 per cent 
reinforcement and also same joint with 
lack of fusion at bottom of Vee. (a) Be- 
`. fore loading. (b) Load applied. Failure 
to fuse bead completely to sides and bot- 
tom of Vee result in a notch effect with 
bending and high stresses 


Fig. 3—Single Vee-joints with 20 per cen 
reinforcements with and without under. 
cutting. (a) Before loading. (b) Load 
applied. Deformations are not uniform @ 
undercuts which are in effect notches, om 
on each side of the weld. Joint shown ™ 
Fig. 1 has better stress distribution 
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of the d formed squares are taken under 
load and recorded. 

The linear difference in the dimensions 
of the separate squares taken at no load 
and again when loaded is the deforma- 
ion in the material, and is an indication 
of the magnitude or amount of stress at 
the respective particular areas. Know- 
ing by calculation the value of the stress 
at an area of uniform distribution and 
by measurement the amount of deforma- 
tion at that area, the deformation-stress 
ratio for the material can be easily de- 
termined. 

Designers who are interested only in 
the ratio of stress values at various points 
in the structure, rather than the numeri- 
cal value of the stresses which are set 
up under given loads, can quickly arrive 
at a conclusion by comparing the de- 
formations in originally equal squares 
since the ratio of the deformations will 
equal the ratio of the stresses induced. 
To make a quick comparison of stress 
distributions in different types of joints 
the model can be made so as to have 
the two or more joints under considera- 
tion cut out of a continuous sheet of 
material, and thus subjected to the same 
load at the same time. 

While models made from elastic ma- 
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Fig. 4—Double Vee-weld with lack of 
fusion in center of butt joint and a single 
y ee-joint. (a) Before loading. (b) Load 
applied. Deformations at the center or the 
point of no fusion in the double Vee-weld 
we greater than those at the outer edge 
which are only slightly stressed 


October, 1938 


terial can be helpful to the designer for 
many purposes, such as, the investiga- 
tion of deflections of parts with non- 
uniform cross sections and stresses in 
critical areas of notched pieces, they 
are particularly useful when it is de- 
sired to get a general idea of stress dis- 
tribution when designing equipment or 
parts that are built up by welding. 

Welding fuses the component parts of 
machines into one homogenous structure 
and the strength of the metal in a good 
weld equals or is better than that of the 
base metal of which the product or 
structure is built. Distributing the ma- 
terial in welded structures so that the 
stresses induced by load conditions are 
equal at all points results in the maximum 
efficiency in the use of materials with 
a consequent reduction in costs. Even 
though the stress is low in some areas if 
the uniformity of stress distribution is 
improved the cost is reduced. It is 
obvious, however, that if in one part of 
the structure the stress is high as com- 
pared to another part where it is lower 
that the high stress will be the governing 
factor. 

The design problem should be ap- 
proached not from the viewpoint of 
eliminating high stresses at particular 


Fig. 5—Lap joint model of weld using two 
beads. Cost of making this type of joint 
is usually higher than that for making a 
butt joint. (a) Before loading. (b) Load 
applied. There is considerable bending 
but a study of the deformations indicate 
that the stress distribution is good 





401 





points, but rather that of meeting all 
load conditions at all points thus ob- 
taining maximum efficiency by utilizing 
the entire section in the best way. 

The maximum allowable stress for 
good weld metal is 32,000 lb. per sq.in. 
when subjected to fatigue or endurance 
loads, this value is a load limit just as 
the ultimate tensile strength is a limit 
and the yield point is a limit. If, there- 
fore, by design of the part the unit stress 
is kept below 32,000 lb. per sq.in., and 
if the stress is uniformly distributed, the 
section will be economical in the use of 
material. 

As examples of how elastic models can 
be effectively used in studying stress 
distribution and for investigating stress 
ratios in tentative designs, the illustra- 
tions show models or specimens cut 
from rubber sheets which have been 
previously marked with square patterns. 
Each model here illustrated was made 
to represent two different types of weld 
joints so that they could be compared 
directly while both were under the same 
load. A study of the accompanying illus- 
trations will indicate to the designer or 
engineer how costs may be reduced by 
using every section of metal to obtain 
the greatest degree of efficiency. 
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Fig. 6—Plate or bar attached to a member 
by two different types of connections, fillet- 
welds and complete fusion. (a) Before 
loading. (b) Load applied transversely to 
weld. Deformations are uniform in com- 
plete fusion. At fillet-welds the break in 
stress lines causes disturbance. 
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—— aae _Cop screw Ratchet and inertia type mechanisms for vari. § 
! shaft wire) / = — a 
able-speed driving of heavy or light loads l 
‘ 
CYRIL DONALDSON 
Rochester Atheneum & Mechanics Institute i 
britiréd eNom aieh Saue ai Fic. 30—A handy variable speed device suitable only for I 
Driven shaft very light drives in laboratory or experimental work. 1 
FIG. 30 Drive rod receives motion from drive shaft and rocks lever, | 
Friction clutch made by winding wire around drill-rod c 
in lathe with diameter slightly smaller than diameter of e 
driven shaft. Speed ratio changed when unit is stationary, | 
— by varying length of rods, or throw of eccentric. I 
peyi: à i 
Fic. 31—This Torrington lubricator drive illustrates the t 
eX general principles of ratchet transmission devices. Recipro. i 
A cating motion from a convenient sliding part, or from an d 
A A eccentric, rocks the ratchet lever, which gives the variable 
speed shaft an intermittent uni-directional motion. Speed I 
— ratio can be changed only when unit is stationary. Placing ‘ 
fork of driving rod in different hole varies the throw of c 
the ratchet lever. s 
1 
Fic. 32—An extension of the principle illustrated by Fig. € 
31, this Lenney transmission replaces the ratchet with an í 
over-running clutch. Speed of the driven shaft can be : 
varied while the unit is in motion by changing the position € 
of the connecting lever fulcrum. i 
FIG. 31 Fıc. 33—Another transmission employing the principle i 
7 . T « ~ . . . . { 
shown in Fig. 31. Crank disk imparts motion to connecting 
rod. Crosshead moves toggle levers which in turn give ; 
uni-directional motion to clutch wheel by means of friction : 
pawls engaging in groove. Speed ratio changed by varying 
screw throw of crank with the aid of the rack and pinion. b 
ID ' 
Fic. 34—A, variable-speed transmission used on gasoline 
railroad section cars. The connecting rod from the crank, í 
E mounted or the constant speed shaft, rocks the oscillating , 
— lever and actuates the over-running clutch, thus giving 
intermittent but uni-directional motion to the variable i 
speed shaft. The toggle link keeps the oscillating lever 
within a prescribed path. Speed ratio changed by swinging i 
Eccentric-- bell crank towards position shown in dotted lines, around i 
/ pivot attached to frame. This varies the movement of the 
A over-running clutch. Several units out of phase with each | 
oz other are necessary for continuous motion of the shaft. i 
/ 
Connecting lever’ I 
" Control rod, Crank-.. i 
FIG.32 ( 
« — 
8 f t 
- Constant í 
speed 
Shaft Í 
‚Crank disk „Driven shaft 
' / sd 
' -Pinion ` J : 
V # e , ; 
„Slot oma 7099 Connecting 
I 
Oscillating 
lever 
( 
€---Over-running FIG.34 
F!G.33 clutch 
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Fic. 35- - This Thomas transmission is an integral part of 
an automobile engine in which piston motion is transferred 
py means of the conventional connecting rod to long arm 
of a bell-crank lever oscillating about a fixed fulcrum. 
Attached to the short arm of the bell crank lever is a 
horizontal connecting rod which in turn rotates the crank- 
shaft. Crankshaft motion is rendered continuous and steady 
by means of a flywheel, but no power other than that 
required to operate auxiliaries is taken from this shaft. 
The main power output is transferred from the bell-crank 
lever to the over-running clutch by means of a third 
connecting rod. Speed ratio is changed by sliding the top 
end of the third connecting rod within the bell-crank 
lever by means of a cross-head and guide mechanism. 
Highest ratio is obtained when the crosshead is farthest 
from the fulcrum and movement of the cross-head toward 
the fulcrum reduces the ratio until a “neutral” position is 
reached when the center line of the connecting rod coin- 
cides with the fulcrum. 


Fic. 36—Another automobile transmission system built as 
an integral part of the engine, this Constantinesco torque 
converter features an inherently automatic change of 
speed ratio according to the speed and load on the engine. 
The constant speed shaft rotates a crank which in turn 
operates two oscillating levers having inertia weights at 
one end, while the other ends are attached by links to the 
rocking levers. Incorporated in these rocker levers are 
over-running clutches. Since at low engine speeds the 
inertia weights oscillate through a wide angle at low 
speed, the reaction of the inertia force on the other end 
of the lever is very slight, and the link imparts no motion 
to the rocker lever. Speed increase of engine causes 
inertia weight reaction to increase thereby rocking small 
end of oscillating lever as the crank rotates. Consequent 
motion rocks rocking lever by means of link and the 
variable shaft is driven in one direction. 


Fic. 37—Featuring a differential gear with an adjustable 
escapement, this transmission by-passes a variable propor- 
tion of the drive shaft revolutions. Constant speed shaft 
rotates freely mounted worm wheel carrying two pinion 
shafts. The firmly fixed pinions on these shafts in turn 
rotate the sun gear which meshes with other planetary 
gears, rotating the small worm gear attached to the 
variable speed output shaft. 


Fic. 38—In this Morse transmission, an eccentric cam, 
integral with the constant speed input shaft, rocks three 
ratchet clutches by means of a series of linkage systems 
containing three rollers running in a circular groove cut 
in the cam face. Uni-directional motion is conveyed to 
the output shaft from the clutches by planetary gearing. 
Speed ratio is changed by rotating anchor ring containing 
fulcrum of links, thus varying the stroke of the levers. 


F1G.37 
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Question and Comme 


Deflection of Trapezoidal-Shaped Cantilever 


ALEXIS THOMPSON 


The case of a beam rectangular in sec- 
tion and uniformly tapering toward one 
end with a concentrated load at the 
narrow end often occurs in the design 
of flat springs. A beam tapering to a 
sharp point is, of course, a beam of 
uniform strength and will give the great- 
est deflection, but because of the neces- 
sary shear allowance and the incon- 
venience of applying load at a point, the 
triangular shape is generally found im- 
practical and the trapezoidal shape must 
be substituted. 

If the wide end of the beam has a 
width a the width of the narrow end 


can be expressed as na where n can 
have any value from 0 to 1. 
Using the notation of the accompany- 
ing graph, 
a na 
m 2 2 


e— um » * 4" zm L9 ar 
— w = na 2m = 
x l , T 


na + — ax 


To obtain the deflection of this beam, 
double integration can be used if we 
express both the bending moment and 
the variable moment of inertia of sec- 
tion as functions of x. 
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Chart for values of K, and K: for n varying from zero to one. For a triangular 
shaped cantilever, n equals zero; for a rectangular shape n equals one 
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Integrating once: 
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Substituting and noting that when 





z=0 dy = tan ames 
dx 
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Integrating once more: 














y = — — B — E., 
y El... (0 —259|42 " "o" 
1—n 
T" r^ 1—n 
t log. teen) 
l 
1—^n 
T r+n 
-n |+e 
l 
When x = 1 =0 d C: = 4 x 
ienz —-] y—0 and C — gri — X 
(—n?+4 n—1) 
2 (1—n) 
Whenz=0O y = Ymaz 
PB 
puc |, m" 
x? (1.5 — log») —2n--F05 — PU 
(1—5)* —— Els Ki 
i adi 
Where K, = — 





n? (1.5—log. n) —2n + 0.5 


To find what the angle a,.. will be 


for a certain deflection, we can divide 
tan max by Y max 


Ymar * Ky 
l Kə 


tan Olmaz = 
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For example, consider a flat steel 


Prntilever, 0.20 in. thick, 12 in. long, 3 
jp. wide at point of support and 1% in. 
wide at end where a load of 40 lb. is 


- applied. 


E = 30,000,000 
n = 1/2 + 3 = 1/6 = 0.167 
Ine: = 5 x 3 x (0.20? = 0.002 
K, = 2.24 K: = 1.29 
40X 1,728 — 

CA dub 7v ————— =().51 in. 
‘ 30,000,000 x 0.002 x 2.24 

0.51 X 2.24 


taN@mar= 19:199 = 0.0738 


Geneva Motion Gearing 


To the Editor: 

In June 1938 Product Engineering, 
Mr. C. C. Webb of Wheeling Stamping 
Company asked for information about 
Geneva motion gearing. He mentions 
that the drive must move an unusually 
large mass, so evidently the inertia load 
is an important factor. Note on the ac- 
companying diagram of acceleration for 
Geneva drive, which permits calculation 
of the torque created by inertia forces, 
that the inertia load is high at the start 
and end of each movement, so at high 
speed the instantaneous application of 
the inertia force may cause unfavorable 
vibrations of the machine. 

At our plant we avoid using Geneva 
drives because of this and also because 
lack of precision in locking the driven 
wheel during the stop period. Besides 
the working period of the Geneva drive 
is often shorter than can be used on the 
machine; for instance, the Geneva wheel 
with 8 slots moves while the driver turns 
on 135 deg., the wheel with 18 slots moves 
during 160 deg., and in some instances 
we are able to use movements which have 
a working period of 240 deg. (on the 





Cam. and roller gear with eight rollers 
making four stops per revolution 
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Acceleration 


driving shaft). The acceleration is in- 
versely proportional to the square of the 
working period. 

We advocate the use of the mechanism 
shown on the accompanying drawing— 
it guarantees a precise locking. It can 
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be built by Alpha Machine Tool Com- 
pany of St. Louis. The movement has a 
very favorable acceleration diagram with 
low maximum acceleration and without 
abrupt variation. —C. NEKLUTIN 


Universal Match Corporation 





32 
30 
28 
26 


/8 sfops-. 


bionda Period of 


-3 0 


N= Speed of the driver in rev. persec. 

F=ra 

ol= Angle between the slots ofa driven 
wheel in radians 
For the drive with 18 stops o=0,31416 
For the drive with 8 stops a= 0.7854 


r = Radius of gyration of the mass driven 
the Geneva Drive; 
if r is expressed in feet the acceleration 
is expressed in ft/sec? 


Acceleration» K F N? 


M=mass with radius of gyration r 
(this mass replaces the actual 
mass to be moved by the 
Geneva Drive) 


Inertia force -MKFN?sMKa V?r 


This force creates the torque on 
ihe shaft of the Geneva Wheel 


Torque - MK o. N?r? 


movement of Geneva wheel 


Acceleration diagram for Geneva drives with eight and eighteen stops per revolution 
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Drafting Problem 


To the Editor: 

The *Drafting Problem" on page 268, 
July 1938, is an interesting one, but the 
mathematical solution is not so difficult 
as the drafting board layout. 

From the accompanying figure: 


——— - —,or5y — y — lIx— x 
11—x y 

and x! — y, = llx — 5y (1) 

also x -- y, = 9 (2) 


By adding (1) and (2) 2x = llv 

— 5y + 9 
: 11x — 2x -- 9 
from which y — ————— ———— 
5 

Substituting in (2) 2x' — 22x? -- 55x 
J- 99x — 72 — 0 

The easiest way to solve this equation 
is probably the "cut and try" method. 
By graphical inspection, the value of x 
appears to be between !5 in. and 5% in. 
By substituting 0.5 for x, the summation 
of positive terms is 63.375, and negative 
14.75. Trying x — 0.6, the summations 
are 4-79.459, and — 76.752. The true 
value therefore lies between 0.5 and 
0.6, but closer to 0.6. After two or three 
more trial summations, it will be found 
that x = 0.581, gives totals of +76.312 
and —76.314, — close enough for all 





Graphical method for approximate solu- 
tion of July's drafting problem 


practical purposes. With this value for 
x, y = 2.943 in., 11 —:x —. 10.419 in. 
and 5 — y = 2.057 in. These last two 
figures are the legs of the right triangle, 
the hypotenuse, 10.62 in., is the length of 
the small rectangle. 

As a construction problem, the follow- 
ing method should give the desired de- 
gree of accuracy. Draw the diagonals 
of the given rectangle, intersecting at O. 
With O as a center, draw two circles, one 
a little smaller and one a little larger 
than the circle which would circumscribe 
the required rectangle. Let these circles 
intersect the given rectangle at A and B 
respectively. With these two points as 
centers and a radius of 3 in., describe 
arcs cutting the two circumferences at 


M and N respectively. The line connect- 
ing these two points cuts the end of the 
given rectangle at P. 

With P as a center and a radius of 
3 in., cut the long side of the given rec- 
tangle at R. Check by using O as a cen- 
ter and OP as a radius. The other cor- 
ners can be located by drawing the lines 
RO and PO, extending them to meet the 
other side and end of the given rectangle 
at S and Q respectively. Location of S 
can be checked by using RO as a radius, 
and O as a center, while the location of Q 
may be checked by using S as a center 
and a 3 in. radius. 

The two rectangles will be concentric 
at O, and the vertices P and R will lie 
on the end and side of the given rectangle 
where they are cut by a circle with O as 
a center and a radius which makes the 
chord PR = 3 in. in length. 

The approximate location of R can be 
determined very closely, as lying near 
the vertex of the given rectangle. Any 
number of circles can be drawn, using O 
as a center so as to establish several ap- 
proximate locations of R. With these 
points as centers and a radius of 3 in., a 
series of points similar to M and N may 
be established. The line joining these 
points is curved so slightly where it inter- 
sects the end of the given rectangle, that 
it may be considered a straight line, 
especially if M and N are not too far 
apart. —H. G. TAYLOR 

Indianapolis, Ind. 





| Editor's Note—Since publication of 
the September number of Product Engi- 
neering, we have received additional 
solutions to the teaser offered by Mr. 
Hinman in July from Olav Helleland, 
Geneva, N. Y.; Henry Venable, Pitts- 
burgh, Pa.; J. A. Bradshaw, Putnam, 
Conn.; Raymond G. Wetzel, San Bruno, 
Cal.; D. Bruce Johnston, Coatesville, 
Pa.; William W. Johnson, Cleveland, 
Ohio; Rolla D. Pollack, Rock Island, Ill. ; 
D. A. Cotton, Anderson, Indiana: Nor- 
man W. Wickstrand, Bristol, Conn.] 











































Four Link Motion 
To the Editor: 


Under “Question and Comment" in the 
December issue of Product Engineering 
Mr. Rasche asks four questions about 
the widely used four link motion. 





(Question No. 1) If a, b, c, d are the 


lengths of the four links 


m Nant Ak — — 
$= tan d 4- a cos 0 | 


1 b —m Abt d | 
&221 42-2) 62-2) [- 


Note that for imaginary values sin” i 
= 90° and care should be taken for 
the proper sign of sin and cos 9. 

The second question, the angular 
velocity ratio of links c and a is answered 
by the following formula. 

Ne, Na = angular velocity of link: 





c and a 
N. d/c — eos ó 4- sin ¢ cot 6 
Na 7dsin $ pon 


——— |—cos ¢ + sin ¢ cot 60 
a sin 0 


d/c tan 0 — cos $ tan 0 4- sin ó 
" fà sind : 
(= )- cos o tan 0 +sin ó 


a cosé 





— JEROME CALCAGNETH 
Easton, Pa. 





Can You Work This One? 


H. E. SMITH 
Newark, N. J. 


Solution to Last Month's Problem: 


Storekeeper and Weights 


In order to weigh out, on balance 
scales, any exact multiple of one pound, 
up to and including 121 lb., any weight 
must equal twice the sum of all the 
smaller weights, plus one pound. Calling 
the smallest weight a, the weights will 
be 2a + 1, 6a + 3, 18a + 9, 54a + 27. 
Weights are 1, 3, 9, 27, 81 Ib. 


This Month’s Problem: 


Flagpole, Rope and Stone 


Two flagpoles, 110 and 130 feet tall re 
spectively, stand on a level plane. On 
the line joining their bases is a stone. A 
rope long enough to reach from the top 
of one pole to the top of the other will 
also reach from the top of either pole 
to the stone. How long is the rope that 
satisfies these conditions? 
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News 


Research Laboratory Includes 


Miniature Steel Plant 


N THE NEW research and develop- 

ment laboratory of the Jones & 
Laughlin Steel Corporation, Pittsburgh, 
steel-making facilities such as an open 
hearth furnaces, heat treating furnaces 
and rolling mills of pilot plant size are 
used in conjunction with chemical. 
physical and metallographical labora- 
tories in a direct approach to solving 
the problems of steel quality. 

In the past, research by laboratory 
procedure generally resulted in advance- 
ments being made in research faster 
than they could be tested and applied 
in the mills. The J & L research and 
development department overcomes this 
handicap by adding to the research 
laboratory a pilot plant in which steel 
making practices on a small scale re- 
sembling mill conditions can be studied. 
Thus when new or improved practices 
are turned over to the mills, they can 
be certified to be commercially prac- 
ticable. In addition, the staff is working 
to develop new furnace designs for bet- 
tering the quality of steel. 

The research and development di- 
vision is under the direction of H. W. 
Graham, general metallurgist, so that 
the attention of the research staff headed 
by H. K. Work, manager, will be di- 
rected toward current problems and 





coordinated with the metallurgical de- 
partments in the mills. This general 
supervision also concentrates the re- 
search and development activities, yet 
separates them from the routine metal- 
lurgical control work carried on in the 
Pittsburgh and Aliquippa plants. 

The type of equipment installed in 
the new laboratory has been selected 
with primary attention to steel-making. 
A feature of this equipment is the small 
open hearth furnace, designed by the 
research staff, which has a capacity of 
1,500 lb. and parallels conditions in the 
big steel furnaces in the works. This 
furnace, a recuperative and not a regen- 
erative type, is equipped with an un- 
usual type burner. Ingots cast from this 
furnace weigh from 185 to 900 lb. as 
compared with ingots from commercial 
production which weigh from 3% to 10 
tons. The laboratory ingots are rolled 
in the pilot plant; in some special in- 
vestigations they are rolled in the regular 
mills. 

In addition to the open hearth fur- 
nace, steel making facilities include a 
375 lb. electric-arc furnace used for 
experiments on slag and steel making 
and a 30 lb. electric induction furnace 
which affords exacting control over ex- 
perimental steel making. A cupola is 


New research and development laboratory at the Pittsburgh Works of the 


Jones & Laughlin Steel Corporation. 
laboratories. 


Provision has been made for future expansion. 


The pilot plant is flanked by offices and 


Electric power, 


compressed air, steam, and other services are supplied from the mills nearby 
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available to supply molten iron for a 
small Bessemer converter which will be 
constructed later. Both metal and slag 
analyses determinations of steel pro- 
duced in the pilot plant are made in 
the chemical laboratory nearby. 

Two rolling mills are used in the 
laboratory, for reduction of the bars into 
convenient test sizes. The larger mill is 
capable of reducing a four-inch ingot to 
a one-inch square; the smaller mill, 
which simulates conditions in a billet 
mill, will reduce a 114 in. square to 14 
in. square. A surface combustion fur- 
nace for billet heating, a heat treating 
furnace, a small soaking pit, a 500 lb. 
steam hammer and a welding machine 
complete the equipment. 

The physical laboratory is equipped 
with tensile, impact and hardness test- 
ing machines, fatigue and repeated im- 
pact testing machines, a stiffness tester 
for sheet and strip, a dilatometer, and 
other special equipment. A damping 
capacity tester for studies on aging and 
the sensitivity of steels to cold work, 
one of the first to be used in this coun- 
try, measures the internal friction of 
metal by the method of free vibrations. 

The metallographic laboratory equip- 
ment includes a Zeiss microscope equip- 
ped with camera with which micro-pho- 
tographs of the grain structure of steel 
may be taken at magnifications up to 
4,000 diameters. Other photographic 
equipment, including a motion picture 
camera and a complete photographic 
dark room, is also available. 

The work at the pilot plant is being 
directed toward improving and control- 
ling the physical properties of carbon 
steels. In this connection, work is being 
carried on in the field of non-aging 
steels. Investigations of machinability 
are being continued by the research de- 
partment, and studies of the problem 
of sensitivity or the degree of change 
of physical properties resulting from 
cold working of steels will be continued 
with the aid of the improved facilities 
in the new laboratory. 


National Metal Congress 
Opens October 17 


HE National Metal Exposition and 
Congress will be held the week of 
October 17 to 21 at Convention Hall, 
Detroit. An attendance of 10,000 is ex- 
pected and more than 230 leading com- 
panies have taken space as exhibitors. 
Two educational courses will be among 
the features of the program. One course, 
beginning at 4:30 each afternoon, will 
cover machinability of steels and non-fer- 
rous metals, while the other, to be deliv- 
ered at 8 p.m. on Monday, Tuesday and 
Wednesday, will be on pyrometry. 
Among the papers to be presented at 
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the technical session will be: “Absolute 
Hardness,” by E. G. Mahin and G. J. 
Foss, Jr., University of Notre Dame; 
“The Effects of Fibre on the Notch 
Toughness of Mild Steel as Influenced by 
Cooling Rate,” by O. W. Ellis, Ontario 
Research Foundation, Toronto, and J. E. 
McDonell, Queen’s University, Kingston, 
Canada; “Effects of Special Alloy Addi- 
tions to Stainless Steels,” by Russell 
Franks, Union Carbide & Carbon Re- 
search Laboratories; “Transverse Hard- 
ness Tests of Heat-Treated Steels,” by 
G. T. Williams, Cleveland Tractor Com- 
pany; and “A Metallographic Approach 
to the Study of the Sensitivity of Steel to 
Cold Work,” by H. K. Work and S. L. 
Case, Jones & Laughlin Steel Corporation. 


Third Annual Porcelain 
Enamel Institute Forum 


HE Third Annual Porcelain Enamel 

Institute Forum will be held at the 
University of Illinois, Urbana, IIL, on 
October 12, 13 and 14. 

Among the papers to be presented will 
be: “Chipping Resistance of Enamels,” 
by Paul L. Smith, Research Fellow, 
Porcelain Enamel Institute; “Tentative 
Tests for Abrasion Resistance,” by W. N. 
Harrison, National Bureau of Stand- 
ards, “Relationship of Some Welding 
Practices with Certain Enamel Defects,” 
by J. J. Canfield and Alva Taylor, 
American Rolling Mill Company. 


Plastics as Structural 
Material for Aircraft 


TILIZING plastics in its construc- 
tion, a new plane, built by the Clark 
Aircraft Corporation, has a fuselage 


molded in two parts of thin veneers of 
wood impregnated with phenolic resin 
and cemented together with resin. Other 
airplane manufacturers in this country 
and abroad are known to be experiment- 
ing with the molding of large aircraft 
members in one piece. This development 
is discussed at length by Gordon M. 
Kline, of the National Bureau of Stand- 
ards, in an article in Modern Plastics 
magazine. Mr. Kline points out that the 
National Bureau of Standards, with the 
financial assistance of the National Ad- 
visory Committee for Aeronautics, is ini- 
tiating an experimental investigation of 
the materials and processes involved in 
molding airplane structures. 

Types of reinforcing materials have 
been investigated with particular refer- 
ence to their employment in plastics for 
aircraft construction. Noteworthy prog- 
ress has already been accomplished by 
Kraemer in the German Aeronautical 
Institute, by de Bruyne and his associates 


in the laboratory of Aero Research, Lim- 
ited, and by de Havilland, King and 
Walker of the de Havilland Aircraft 


Company, Limited. 


Fifth Annual National 
Motor Truck Show 


OINCIDING with the annual passen- 

ger car exhibition at Grand Central 
Palace, the Fifth Annual National Mo- 
tor Truck Show which will be held this 
year in the New York Port of Authority 
Building from November 11 to 17 is 
expected to exceed previous records for 
attendance, interest and scope of new 
models in trucks and in maintenance 
and operating equipment. 

On display will be new tractor-type 
trucks and heavy-duty trailers, small, 
streamlined package delivery jobs, and 
an exhibit of diesel engines by the lead- 
ing manufacturers of this equipment. 
such as Cummins, Hercules, Waukesha 
and the general accessory manufacturers 
who supply diesel equipment. Esso Mar- 
keters will have at their booth complete 
details regarding the latest developments 
on fuels for this special equipment. 


Huge Press Bends 
Plates 8-In. Thick 


6.000-TON capacity bending press 
for bending plates up to 40 ft. in 
length and 8 in. in thickness into semi- 
circular shapes for high pressure steel 
drums, has recently been built by the 
Baldwin-Southwark Corporation, for in- 
stallation at the Chattanooga plant of the 
Combustion Engineering Company. 
The bending press consists of two spe- 


cially-designed vertical presses of 3,000 
tons capacity each, connected by bending 
beams 52 ft. long constructed of plate 
steel 15 ft. deep and 20 in. thick. The 
bottom beam, below the foundation line, 
rests on the cast steel bottom platen, 

The two Southwark built presses have 
50-in. diameter rams, operating under 
3,000 lb. hydraulic pressure. The forged 
steel columns are 16 in. in diameter, and 
overall height of each press is 40 ft., of 
which 15 ft. extend below the floor line, 
Weight of the material used in the 
construction of the two beams is 1,000. 
000 lb. approximately. 

Features in the design of this press are 
an arrangement for equalizing the pres. 
sure on both main cylinders to compen. 
sate for eccentric loading: and a special 
swiveling and thrust block design on the 
moving beam, which permits eccentric 
loading without throwing any side strains 
on either press. Each press has a 15.ft 
square base and is of all cast steel and 
forged steel construction. 


New Compound- Wound 
MotorforTrolleyCoaches 
COMPOUND-WOUND motor fy 


trolley coaches, which provides both 
speed control and electric braking to 
operate in coordination with the air 
brakes, was recently announced by the 
General Electric Company. Tests in rev. 
enue service conducted in Columbus 
Ohio, indicated that the electric braking 
provided by the new motor should extend 
the life service of the brake-shoes by 
400 to 600 per cent. 

In addition to the usual series wind- 
ing. the motor employs a shunt winding 
separately excited from the trolley. 
Braking is controlled without undue 





6,000-ton capacity Baldwin-Southwark press installed in the Chattanooga 
plant of the Combustion Engineering Company 
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axle stress, and rheostat losses are mini- 
mized. Power consumption with the new 
motor is approximately 15 per cent less 
than with present single series motor 
equipment. 

In operation, the motor becomes a 
senerator when the operator lets up on 
dé power pedal, and pumps current 
back into the line, retarding the speed 
of the coach. The retardation is the 
ame as is produced by the engine com- 
pression of an automobile during decel- 
eration. 

When braking, the motor generates 
into a closed resistance circuit and the 
braking effort is dissipated as heat. The 
brake pedal controls both the dynamic 
and air brakes, and initial pressure on 
the pedal applies enough air to take the 
slack out of the brake mechanism and 
crack the air ports. More pedal pres- 
sure gradually builds up the electric 
braking to full value, and full pressure 
gradually applies the air brakes. 


MEETINGS 


AMERICAN SocikETY oF MECHANICAL 
ENciNEERS— Fall meeting, Providence, 
R. I., Oct. 5-7. C. E. Davies, secretary, 
29 W. 39th St., New York. 


AMERICAN Society or Toot ENncr- 
NEERS — Semi-annual meeting,  Pitts- 
burgh, Pa., Oct. 14-15. Further in- 
formation may be obtained from Ford 
R. Lamb, executive secretary, 2567 W. 


Grand Boulevard, Detroit, Mich. 


PORCELAIN ENAMEL INSTITUTE— 
Eighth | annual meeting, Cleveland, 
Ohio, Oct. 25-26. Further information 
may be obtained from the Institute at 
612 N. Michigan Ave., Chicago, Ill. 


EXPOSITIONS 


Na4TIONAL MkTAL CoNcRESS AND Ex- 
PosirrioN— Convention Hall, Detroit, 
Mich., under the auspices of the Ameri- 
can Society for Metals, Oct. 17-21. 
Further information can be obtained by 
communicating with W. H. Eisenman, 
secretary, 7016 Euclid Ave., Cleveland. 





Case Histories in Patent Law 


(Editor s Note: We wish to emphasize 
that in consenting to furnish this column 
wherein general explanations of the law 
in specific patent cases are set forth, Col. 
H. A. Toulmin, Jr., wants it clearly un- 
derstood “thet each actual case should 
be submitted to your own patent attorney 
who is the only one familiar enough to 
advise you accurately.” The purpose of 
these explanations is to give a better gen- 
eral understanding of questions of patent 
law.) 


QUESTION: When is “change in de- 
gree” patentable, and when is it not? 
ANSWER: Whenever change in de- 


gree arises in the design of a device 
you should submit all of the facts con- 
cerning your particular problem to your 
patent attorney, for to the layman the 
various court decisions often seem to be 
utterly without consistency. Yet the rules 
laid down by the courts are in truth 
beautifully consistent and wholly logical. 

Even a considerable change in degree 
is usually not patentable if it merely re- 
sults in making a device lighter, faster, 
cheaper, simpler or more portable. That 
amounts merely to refining the invention, 
usually by applying common knowledge 
or technical skill—by doing, in short, 
what any engineer or mechanic ac- 
quainted with the art would naturally 
strive to do. The Supreme Court denied 
the validity of a patent on an agricul- 
tural implement in the following words 
which have since so often been quoted by 
the courts that they practically consti- 


lutea rule: *... if there was any change 
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of construction suggested, it was only to 
increase its capacity for usefulness; that 
it was a carrying forward of new or 
more extended application of the orig- 
inal thought—a change only in form, 
proportions, or degree, doing the same 
thing in the same way, by substantially 
the same means, with better results.” 

A well-known case involved a machine 
on which part of the mechanism showed 
a tendency to reverse. This was over- 
come by making a hand-wheel heavier. 
The court said that this effect was well 
known and that it “sprang naturally 
from the expected skill of the maker’s 
calling, and this use of the heavier 
wheel did not make the mechanism in 
any proper sense a new thing evolved by 
the inventive faculty. (It) was not the 
product of a creative mental conception 
but merely the exercise of the ordinary 
faculties of reasoning upon the mate- 
rials supplied by a special knowledge. 
and the facility of manipulation which 
results from its habitual and intelligent 
practice." 

But no matter how slight the change 
may be, and how obvious it may seem 
after it is accomplished, it is patentable 
if it turns failure into success. 

The length of the step taken is of no 
moment. Very great changes in the de- 
sign of a mechanism are not patentable 
invention unless new and useful results 
are achieved. 

A common tendency of laymen and even 
judges who are unversed in science and 
mechanics is to appraise the patentabil- 
ity of an invention by the length of the 


409 





Do You Know That— 


A New F tame-Proorine  LiqQuip 
applied by dipping, spraying or brush- 
ing is being successfully used on stuf- 
fings of paper, leather, wool, cotton and 
other materials. The liquid forms a 
transparent film over each fiber and pre- 
vents lumping and sagging of stuffings, 
and does not crystallize and crumble. 

(94) 


A New RussBer-Like MATERIAL, pos- 
sessing many of the properties of nat- 
ural rubber, is not attacked by oils and 
grease nor affected by many acids and 
alkalis. Process utilizes a mixture of 
glycerine and tung oil, heated to about 
410 deg. F. In place of tung oil, the 
patent states that soya bean oil and 
other vegetable oils may be used in the 
process. (95) 


H. A. TOULMIN, JR. 


step taken, or by measuring it by the 
present state of the art rather than by 
its state when the inventor took the little 
step which turned a long series of fruit- 
less experiments into a workable, new 
thing. What would today be common 
scientific knowledge and so not patent- 
able may very well have involved a bold 
flight of imaginative inventive genius only 
a few years ago when the successful in- 
ventor took the last little step. 

It is therefore imperative, in judging 
whether change in degree is invention to 
know thoroughly the state of the art 


then—not now. 


A classical example of slight change 
in degree being patentable is that of the 
inventor who increased the angle of 
slope of the Fourdrinier wire in paper 
machines. The slight slope formerly used 
was to control the dryness of the web of 
paper. By increasing the pitch the dry- 
ing was accomplished in half the dis- 
tance with the result that ripples in the 
stock were eliminated and the speed of 
production greatly increased. The step 
taken was slight in degree but it had 
escaped paper makers for many years 
and resulted in a revolutionary change 
in the art. This, the Supreme Court said. 
was invention. 

To sum up: the law rightly holds that 
invention depends upon the ability to 
perceive even a slight change that will 
produce new and useful results, and that 
seemingly great and complex changes 
will not be patentable invention unless 
they accomplish this result by virtue of 
exercise of the inventive faculty. 
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New Nickel Alloy 


Known as “Z” nickel, this alloy in the 
annealed condition fabricates as easily 
as nickel and can be heat-treated after 
fabrication with little or no distortion as 
heat-treating temperatures do not exceed 
930 deg. F. Discoloration in heat-treat- 
ment can be avoided by hardening in a 
hydrogen atmosphere. Produced in soft, 
half hard, or full hard tempers with 
minimum tensile strengths of 90,000, 
130.000 and 155,000 lb. per sq. in., re- 
spectively. The strength and hardness is 
increased with cold reduction. Being of 
the precipitation hardening type, quench- 
ing from 2,000 deg. F. is required to ren- 
der the alloy suitable for heat-treatment 
and for the convenience of users, the 
alloy may be obtained from the mill al- 
ready quenched and suitable for fabrica- 
tion of parts which can be hardened in 
finished or semi-finished form. Close tem- 
perature control, plus or minus 10 deg. 
F., is required in hardening “Z” nickel. 
Tensile modulus of elasticity is 30.000.. 
000 and torsional modulus is 11.000.000. 
Available in hot rolled or cold drawn 
rods, cold drawn wire and cold rolled 
strip. The International Nickel Co., 67 
Wall St., New York, N. Y. 


Induction Motor 


A line of shaded pole induction motors 
designed for higher efficiency and long 
life under severe running conditions. 
Special features include triple shading 
and improvements in rotor and stator de- 
sign, in addition to which these *YAr" 
motors employ the integral bridge and 
heavy shading characteristics of the Bar- 
col motors. Have self-aligning, oil-and- 
graphite impregnated bearings, and 
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wick type oilers with sufficient capacity 
for six months continuous operation. 
Shaft is hardened stainless steel. “YAr” 
motors are available in three frame 
sizes covering a horsepower range from 
0.005 to 0.026 hp. (4 to 20 watts) output. 
Barber-Colman Co., Rockford, Ill. 


Variable-Speed Transmission 


A line of oil power variable-speed 
transmissions claimed to have an ex- 
tremely wide speed range. They develop 
high torque with smooth operation at 
slow speeds as well as higher speeds 





and provide high mechanical efficiency 
throughout the entire speed range. In- 
stant reversal at high speeds on continu- 
ous duty is also claimed. Operating tem- 
peratures are low for either continuous 
or intermittent duty. Transmissions are 
housed in a small compact case and may 
be controlled either automatically or 
manually. Model 5HT, illustrated, is 
rated as a 5 h.p. unit, providing a speed 
range from 3 to 2,400 r.p.m. Additional 
sizes available are a 2 h.p. unit and a 10 
h.p. unit. Sundstrand Machine Co., Rock- 


ford, Ill. 


Round Composition Belting 


Advantages claimed for this new round 
composition belting include uniform 
quality, absolutely round, less subject to 
stretch, and requiring no metal fasteners. 
The inner core is made of a strong flex- 
ible material which will stand an indefi- 
nite amount of flexing. The core prevents 
the belt from stretching, yet it drives the 
machine with less belt tension, having a 
greater coefficient of friction than leather 
belting. For fastening the ends of the belt 
two inches of the composition is removed 
and the ends of the core tied together. 
Sudbury Laboratory, South Sudbury, 
Mass. 
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Welding Electrode 


A new welding electrode, Smoothare 
*Har-Ten," designed for alloy steel work. 
The base metal contains alloying ele. 
ments which precipitate from solid solu. 
tion at certain temperatures, increasing 
hardness and ultimate strength. Tests 
show that welds made with “Har-Ten” 
and heat-treated for one hour at 950 deg. 
F. increase yield point from 68.500 to 
92,500 lb., ultimate tensile strength from 
83,000 to 102,250 lb. while the percent. 
age of elongation in 2 in. decreases from 
15.5 to 14.8 under the heat-treatment. 
Two types are available, Type A for flat, 
vertical and overhead positions; Type B 
for flat work only. Both are available in 
sizes from 4g to 14 in. in diam. and are 
manufactured in 14 in. lengths. Harnisch- 
feger Corp., 4400 W. National Ave., Mil- 
waukee, Wis. 


Current Control Switch 


A new 30 amp. rotary type current 
control switch. Massive Yo in. brass con- 
tacts are molded into non-carbonizing 
composition, claimed to be capable of 
withstanding 30,000 volts per in. thick- 
ness. Fully inclosed construction reduces 
the possibility of contact burning as oxy- 
gen is effectively excluded from contacts. 
In the ganged type current control switch 
for polyphase “Y” connected circuits, all 
output current regulation is controlled 
by one insulated control handle of 
molded plastic construction. This results 
in simplified operation and assures per- 
fect balance in all three phases. Ganged 
type switch, illustrated, has a 4 in. out- 
side diameter, and the overall length 
from front of knob to back cover of 
switch is 514 in.; the single unit type. 4 
in. outside diameter and overall length. 
214 in. Kneisley Electric Co.. Toledo, 
Ohio. 
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"A direct reading motor-operated Brin- 
Mil hardness testing machine designed es- 
Mpecially for production usage. Piston is 
7 the ground, packless, self-guided type. 
We operating mechanism being designed 
"jo eliminate the use of a piston return 
spring. Work screw and screw support 
may be locked rigidly. Adjustment of 
both primary and test loads may be ef- 
fected instantaneously from the outside 
of the machine without dismantling or 
disturbing anything else. All piping and 
operating valves are within the body of 
the machine. Hydraulic pump is of the 
rotary gear type driven by a standard 
1/3 hp., 120 volt, 1,725 r.p.m. motor 
through a flexible coupling. Operating 
valve is connected to the foot treadle. 
Clutches and solenoids have been elimi- 
nated and readings are direct. Detroit 
Testing Machine Co., 5137 Trumbull 
Ave., Detroit, Mich. 








Safety Switch 





An improved, heavy-duty industrial 
switch, Type RBA, to supersede the RB 
line. New features claimed for the 
switch include: interior mounted on a 
removable saddle with all terminals ac- 
cessible from the front, for convenience 
and ease in wiring; a convenient operat- 
ing handle combining the advantages of 
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front and side operation, saving space, 
providing for close ganging; heavy 
cover catch and releasable interlock; wire 
gutters, free from moving parts; and sol- 
derless connectors. Unit is inclosed in an 
attractive heavy steel box of artistic de- 
sign with machine gray baked enamel 
finish for fine appearance. Rated at 30 to 
600 amp. at 230 to 575 v., a.c. or 250 to 
600 v., d.c. Circular 300 available. The 
Trumbull Mfg. Co., Plainville, Conn. 


Brass Globe Valve 


Designed for air installations where 
quick-opening, quick-closing valves are 
needed. An apron on the wheel protects 
the upper part of the valve from rough 
handling and a brass screen in the union 





connection at the valve inlet keeps out 
foreign matter. The protective apron ex- 
tends down over the packing nut, stuff- 
ing box and the top end of the bonnet. 
The union bonnet connection is said to 
make possible easier dismantling and re- 
assembling of the valve. A spring main- 
tains a constant load on the stuffing box 
packing. Valve is made in 34 and 1 in. 
sizes and is recommended for 150 Ib. air 
working pressure. It should be installed 
with the pressure above the seat. Crane 
Co., 836 S. Michigan Ave., Chicago, Ill. 


*Galvo-Cleen" and 
*Rust-Solv" 


Two new products, *Galvo-Cleen" for 
cleaning and preparing for painting new 
and old galvanized metal, zinc, die-cast- 
ings or other metal containing a large 
percentage of zinc. Insures a perfect 
bond for the paint so that new galvanized 
metal can be painted as soon as installed. 
no special paint or primer being re- 
quired. “Rust-Solv,” a semi-paste rust 
solvent that can be applied with a spray 
gun or a brush and which will remain 
moist long enough to dissolve the worst 
degree of corrosion. For use on all types 
of metal surfaces, chromium plating, 
brass, copper and_ porcelain. Nielco 
Chemical Co., 5411 Cicotte Ave., Detroit, 
Mich. 


Sensitive Relay 





Designed to meet the demand for a 
compact instrument of rapid, positive ac- 
tion at low power input, Type 3-A relay 
is particularly adaptable for electronic 
and delicate control applications. Single 
pole, double throw switching is provided 
by the relay. Current is carried by the 
heavy hairspring to the movable contact 
mounted on the armature. The center 
hinge supporting the armature. does not 
carry current. The fine silver contacts of 
the relays are of adequate size to handle 
their full rated loads. Type 3-A is de- 
signed to control 150 watts non-inductive 
load at 110 volts a.c. with an input of 12 
milliwatts d.c. Relay is housed in a dust- 
proof metal case, with a transparent top 
and finished in black, to harmonize with 
panel and instrument assemblies. Case 
is 2%g in. diam. and 214 in. high exclu- 
sive of the five mounting prongs. Sigma 
Instruments, Inc., 388 Trapelo Road, Bel- 
mont, Mass. 


Extruded Flange Tubing 


Aluminum tubing with integral flange 
to increase heat radiating capacity, and 
giving high heat transfer efficiency be- 
cause coil and flange are integral. Strips 
can be bent to form 180 deg. arcs as 
shown in the illustration. This new coil 
construction has been tested as high as 
2.800 lb. per sq. in., making this type of 
tubing suitable for both steam tables 
operating at a high pressure or for low 
pressure circulation of a refrigerant. 
Available either as tubes in lengths up 
to 80 ft. or more or in coils. Bohn Alumi- 
num & Brass Corp., Detroit, Mich. 








Diaphragm Packless V alve 


Designed especially for use in refriger- 
ation and air-conditioning systems. All 
valve parts subject to refrigerant pres- 
sure are made of hot forged brass to 
assure uniform density and freedom from 
seepage leaks. The multi-dissimilar-metal 
diaphragm forms a metal-to-metal seal 
auxiliary body and the 
bolted bonnet. The bonnet is readily re- 
movable, with refrigerant vapor or liquid 
pressure in the refrigeration system and 
in the valve, by virtue of the pressure 
cups located between the flow area of the 
valve and the diaphragm chamber. The 
complete internal assembly of the valve 
may be removed for installation. The 
valves measure 3% in. high when fully 
opened and are available in sizes from 
1g to 58 in. Descriptive Bulletin R2-D 
available. Superior Valve & Fittings Co.. 
504-37th St.. Pittsburgh, Pa. 


between the 


Improved Clutch 


Known as the Taperoll clutch, wherein 
the tapered rolls are free to float in two 
directions. These taper rolls, when forced 
into engagement, do not grip instantly. 
but are retarded to relieve the motor, or 
other prime mover, from the sudden 
shock load. Three hardened steel ta- 
pered rolls are carried in a sleeve that 
is free to slide horizontally over a fixed 
hub. This sleeve is controlled by toggles 
connected to a sliding collar, which in 
turn is actuated by a standard shift col- 
lar and suitable pivoted lever for operat- 
ing the clutch. The toggles provide efh- 
cient engagement, which automatically 
lock to hold the sleeve in operating posi- 
tion. Any type of transmission drive may 
be driven to or from this clutch. A liberal 









size hub is provided on which may be 
mounted a pulley, sheave or any type of 
gear. These may also be cast as part of 
the clutch body. Two sizes, rated at 3 
and 6 h.p. at 100 r.p.m. or 15 and 30 h.p. 
at 900 r.p.m. Descriptive leaflet available. 
Ramsey Chain Co., Inc., Albany, N.Y. 


Cup Point Setscrew 


Available with knurling all around the 
points. When turned into place the 
knurled edges effectively grip the shaft 
in such a manner that loosening or back- 
ing-off is claimed to be impossible except 
by the application of a wrench. Screws 
may be re-used in the same holes indefi- 
nitely. A wide range of sizes available. 
Standard Pressed Steel Co., Box 545, 
Jenkintown, Pa. 


Fractional Hp. Motors 


Types W and W2 motors, especially 
adaptable for high-speed drives, flexible- 
shait tools, grinders and set-ups where 
high speed without vibration is a factor. 
High precision, grease-sealed ball bear- 
ings are mounted in steel sleeves molded 
in the aluminum housings. Preloading 
springs eliminate end play and compen- 





sate for wear. Line leads are not brought 
outside the motors but to two-pole male 
connectors mounted in the housings. 
They are of the plain series universal 
type. Type W is rated at 1/3 h.p. d.c. 
a.c. or 15 h.p. Type W2 is V5 h.p. a.c. or 
2/3 h.p. d.c. at continuous duty. Descrip- 
tive Bulletin 401-A available. The 


Dumore Co., Racine, Wis. 


Thermal Plug Fuse 


A new Trico-Matic thermal time-lag 
fuse with built-in thermal overload cut- 
out. This thermal cut-out holds starting 
and momentary overloads, yet gives safe 
and dependable protection on prolonged 
overloads, making overfusing unneces- 
sary. On short circuits the fuse element 
operates the same as an ordinary fuse. 
The unit is approved by Underwriters’ 
Laboratories, Inc. Trico Fuse Mfg. Co.. 
Fifth St. at Chambers, Milwaukee, Wis. 








Automatic Time Switch 


A short-cycle, automatic, repeating 
timer, Type TSA-14, designed to control 
electric circuits without respect to the 
time of day. Mechanism consists of 
a  contact-making mechanism driven 
through a spur-gear train by a Telechron 
motor. The contact-making mechanism 
consists of brushes which bear on rotat. 
ing cams. The silver contacts mounted on 
these brushes are snapped "open" and 
“closed” by means of steps on the cams. 
Housed in a die-cast base with a glass 
cover, suitable for either indoor or out- 
door installation. The silver contacts are 
rated 10 amp. at 230 volts. For circuits 
having higher ratings a suitable relay 
should be used in conjunction with the 
timer. General Electric Co., Schenectady, 


N t, 


Magnetic Pulley 


An improved high-duty magnetic pul- 
ley designed to allow for greater radia- 
tion area by means of a new ribbed con- 
struction, including deeper coil pockets 
which allow for more copper wire and 
more ampere turns with subsequent 
greater magnetic strength. Coil windings 
are claimed to be more efficient because 
of the greater cooling area furnished by 
the forced air circulation. Windings are 
completely surrounded by steel. Another 
feature of the improved pulley is the non- 
magnetic end rings of special alloy steel 
which extend beyond the active face of 
the pole and are machine fitted to the 
end poles. These heavy non-magnetic 
wear-resisting end rings provide a sup 
port for the unloaded edges of the belt at 
either side and confine the magnetic 
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foree o! the pulley to the active portion 
of the belt. Unit is weather-proof, special 
gand tvpe fittings seal the lead-in wires 
against moisture, and voids under the 
coil covers are filled with high-tempera- 
re melting compound. Available in a 
wide range of diameters and face widths 
to accommodate any type of existing con- 
veyor system. Stearns Magnetic Mfg. Co., 
Milwaukee, Wis. 


Transformer-T ype 


Arc Welder 


An alternating current arc welder of 
the transformer type, known as the 
“Trans-Arc,” which it is said offers an 
exceptionally low open-circuit voltage for 
greater safety and a relatively high 
closed-circuit voltage for maintaining the 
arc. It employs condensers in conjunction 
with a welding transformer, and the 
welding current is controlled by means 
of a voltage regulator which varies the 
voltage across the condensers. The Trans- 
Arc is completely self-contained in a 
compact sheet-metal case equipped with 
lifting lugs. Manufactured in 150, 300 





and 500 amp. for operation on either 230 
or 460 volts, 60-cycle circuits. Descrip- 
tive folder available. American Trans- 
former Co., 178 Emmet St., Newark, N. J. 


V oltage Regulator 


A simple, inexpensive “Rocking Con- 
tact” type voltage regulator, known as 
Type V-O, designed for automatic voltage 
control of small alternating and direct 
current generators. It is quick-acting, 
regulating the voltage by directly vary- 
ing the resistance in the field circuit. The 
regulator consists of a sensitive solenoid 
actuated plunger which acts upon a main 
shaft, rocking a special carbon rimmed 
contact sector over the inner surface of a 
‘commutator, the segments of which are 
connected permanently to the regulating 
resistance. The segments are heavily sil- 
ver plated in order to insure positive con- 
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tact surface and are insulated one from 
another and solidly held in place on a 
specially constructed base to prevent any 
disalignment. Regulator is inclosed in a 
metal case and is suitable for either 
switchboard or wall mounting. Descrip- 
tive Leaflet No. 2326 available. Allis- 
Chalmers Mfg. Co., Switchgear Div., 
Milwaukee, Wis. 


Oil-Resisting Portable Cord 


A new type of oil-resisting portable 
cord, Type OS, having a tough jacket of 
Glyptal-Neoprene, containing no rubber, 
providing resistance to mechanical as 
well as chemical injury. It is mold-cured 
in lead directly over the core and is given 
a waxed finish. The core is similar to 
that of the Type S, having extra flexible 
stranded copper conductors. General 
Electric Company, Schenectady, N. Y. 


Metal-Clad Limit Switch 


Especially suitable for exacting serv- 
ice on automatic machinery, this new Se- 
ries Q Micro limit switch has an over- 
travel of 14 in. It has a 5/16 in. diam. 
actuating plunger which can be moved 
14 in. beyond the operating point with- 
out straining the snap action mechanism, 
changing its characteristics, or without 
affecting its life. A pretravel of 0.015 in. 
movement with an operating pressure of 
1 to 815 oz. and a movement differential 
of 0.0002 in. to 0.0003 in. is required to 
operate the switch. Contact arrangements 
can be for normally closed, normally 
opened, or double throw circuits. Switch 
is sealed in a metal housing with right 
or left-hand angle conduit fitting. Over- 
all dimensions 2% in. high, 1 in. wide 
and 314 in. long. Micro Switch Corp.. 
Freeport, Ill. 
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Electronic W elding Contactor 


A low-cost “Weld-o-trol” electronic 
power switch for controlling the primary 
circuit of welding transformers. With 
either sealed-off or continuously pumped 
ignitron tubes, the unit offers an instanta- 
neous power switch for producing uni- 
form welds, and is free of moving parts, 
arcing contacts and noise. Available 
ratings are roughly equivalent to 300 
and 600 amp. conventional welding con- 
tactors. The weld-o-trols equipped with 
sealed-off tubes consist of a sheet metal 
cabinet in which are mounted a bus bar 
assembly, electrical connections and a 
flow switch. The assembly is of the same 
general construction for all tube ratings. 
but has copper and construction suit- 
able for the current ratings involved. 
Only electrical connections required are: 
one power cable entering the unit and 
one leaving the unit, and two control 
leads from the timer. The assembly with 
sealed-off tube is available either open or 
inclosed. The open type is recommended 
for applications requiring that the as- 
sembly be mounted inside a welding ma- 
chine or with other auxiliary control. 
Westinghouse Electric & Mfg. Co., East 
Pittsburgh, Pa. 
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Barrier Type Photocell 


Two new barrier type cells, claimed to 
have twice the output of preceding units. 
Type F2A has a non-tarnishable metal 
case, Type F3 a molded plastic case. 
When desired, both cells can be sup- 





plied with visual filters to give them a 
color response equivalent to that of the 
human eye. Bulletin CS604 available. 
G-M Laboratories, Inc., Dept. NR, 1731 
Belmont Ave., Chicago, Ill. 











Hand Tachometer 






Covering a range of speed from 30 
up to 40.000 r.p.m., with only three tach- 
ometer ranges. claimed to be equivalent 
in speed coverage to six-range hand 
tachometers. This is done by allowing 
the indicating pointer to make two 






















































turns around the dial instead of one, 
thereby making the scale 13 in. long. 
This new *Jagabi" universal hand tach- 
ometer operates on the same centrifugal 
or fly-wheel governor principle as the 
Type C tachometer. The indicating dial 
is 3 in. in diameter. The instrument is 
supplied complete with carrying case 
and accessories. Two ratings are avail- 
able, 30 to 40.000 r.p.m. and 25 to 30,000 
r.p.m. Descriptive Bulletin 1575 avail. 
able. James G. Biddle Co., 1211-13 Arch 


St., Philadelphia, Pa. 


Air-O perated 
Cycle Controller 


À new single-cam cycle controller that 
provides for the control of as many as 
four separate operations, developed for 
process manufacturing. The cam is de- 
signed to be cut so that it will meet a 
wide variety of requirements.  Addi- 
tional flexibility is provided through the 
use of adjustable segments. These in- 
struments also have a special operating 
mechanism which makes it possible to 





obtain two different speeds of rotation 
before the cam completes a cycle. They 
are equipped with patented three-way 
leakless pilot valves, eliminating the need 
for a fixed air leak at the controller. The 
Bristol Co., Waterbury, Conn. 


RayTimeR 


For measuring the duration of electri- 
cal impulses, the time during which an 
a.c. circuit is energized being shown di- 
rectly on a meter scale in the instrument. 
It may be calibrated in either cycles or 
seconds and covers with equal precision 
excitation periods from 1/120th of a sec. 
to 30 sec., the accuracy being plus or 
minus 5 per cent. Instrument is a simple 
electronic device with no moving parts 
except the indicating pointer and re- 
quires no maintenance other than the 
occasional replacement of the vacuum 
tube. Illustration shows a double unit 
having two RayTimerRs assembled in 
one container for convenience in meas- 
uring two different impulses simultane- 
ously. Single units are also made. Ray- 
theon Mfg. Co. 133 Willow St., Wal- 
tham, Mass. 





Controlling Instruments 


A line of TAG recorders and recorder- 
controllers with 10 and 12 in. charts. 
Special features of the new recording 
thermometer and pressure gage include 
interchangeable calibrated tube system 
that can be readily replaced and need be 
checked at one point only; stainless steel 
pen arm that can be removed easily for 
cleaning or replacement; precision-built 
capillary fountain pen designed with 
draftman’s split-nib; pen arm movement 
designed for strength, lightness and 
rigidity supported by bearings at both 
ends. The recorder-controller is offered 
in either the “On-Off” or throttling con- 
trol model. The “On-Off” model with the 
simple non-adjustable flapper fits all or- 
dinary temperature control applications. 
The throttling model utilizes an adjust- 
able calibrated flapper which provides 
























an exact sensitivity adjustment. This de. 
sign permits easy adjustment of the 
throttling range to coincide with any 
considerable apparatus lag. Complete 
details in Catalog 1060D. C. J. Tagliabue 
Mfg. Co., Park & Nostrand Aves, 
Brooklyn, N. Y. 


Coated Cover Glass 


A specially treated glass processed on 
one side, claimed to be immune to pit- 
ting, resistant to heat and to outlast 
ordinary glass 10 to 50 times. Available 
in standard 2x4 in. plates and 50 mm. 
round lenses. Also may be cut to re. 
quired sizes for grinding wheel guards, 
automatic welding machines, or special 
helmets and goggles. Maximum area 
available is 10x10 in. Mine Safety Ap. 
pliances Co., Braddock, Thomas & Meade 
Sts., Pittsburgh, Pa. 


High Lead Bronze 


A bearing metal alloy containing 70 
per cent copper and 30 per cent lead 
with no tin content and containing less 
than 0.2 per cent total impurities. Re 
ported laboratory tests show these bear. 
ings to withstand more than 3.500 
lb. per sq. in. pressure on the pro 
jected area at 900 ft. per min. run 
ning ‘speed. A distinctive feature is 
claimed to be the fine distribution of lead 
through the copper matrix, the alloy hav- 
ing a hardness of 22 Brinell, using a 500 
kg. ball. Available in bar stock or indi- 
vidual castings to specifications, either 
finished or unfinished castings. Frederick- 
sen Co., Saginaw, Mich. 


Flexible Shellac and Casein 


Flexilac, an orange colored, non-in- 
flammable, viscous resin which dries 
quickly to give a flexible, glossy adhesive 
film which is water-soluble but not af 
fected by hydrocarbons. It may be used 
in cements for gaskets exposed to gase 
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jine and naphtha, in special adhesives, 
polishes. insulation, and for finishing 
metal, paper, textiles, rubber, etc. It 
may also be used as a suspending agent 
for pigments for coloring and glazing 
china, porcelain and glass. 

Protoflex is a straw-colored transpar- 
ent jelly which dissolves readily in 
water (without heat). Such a solution 
dries rapidly to give a flexible almost 
colorless transparent film. No alkalies or 
solvents are needed. It has a pleasant 
odor and will keep indefinitely without 
spoilage and is free from solid particles. 
Its uses are as indicated for Flexilac. 
Glyco Products Co., Inc., 148 Lafayette 
St, New York, N. Y. 


Continuous Blueprinter 


Complete machine consists of a wash- 
ing and drying attachment, which has 
been added to their printer, introduced a 
year ago. Complete machine is in three 
units and the printing unit may be pur- 
chased separately. Printing speed ranges 
from 9 in. to 12 ft. per min. New type 
plate glass transmits 20 per cent more 
actinic rays to the sensitized paper, and 
the three 16 amp. arc lamps are of a new 
type equipped with reactance coils. After 
passing through the washer, wringer rolls 





remove surface water from prints before 
entering dryer wherein copper heating 
drums provide a quick uniform distribu- 
tion of heat furnished by electric heating 
elements. Driving motor is constant 
speed with drive through Reeves vari- 
ablespeed pulley and a gear reduction 
running in oil. Bearings are Oilite and re- 
qure no oiling. The Shaw Blue Print 
Machine Co.. Inc., 9-11 Campbell St., 
Newark, N. J. 


Friction Clutch 


A new servo-action punch press clutch 
which it is claimed combines the shock- 
les, instant-engagement and durability 
of the friction clutch with the positive 
action and simple operation of the con- 
ventional jaw or pin clutch. It is oper- 
ated in the same way as a press using the 
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jaw or pin clutch. The purpose of the 
servo-mechanism is to utilize the high 
torque loads of the press to boost the en- 
gaging pressure between the clutch sur- 
faces to a value sufficiently high to trans- 
mit without slipping any torque that the 
clutch is capable of handling. The servo- 
mechanism which forms the hub of the 
inner clutch cone, comes into operation 
after the initial engagement of the clutch 
surfaces under spring pressure. This 
spring pressure is just sufficient to over- 
come the inertia of crank and ram and 
the friction of the band brake. The servo- 
action automatically loads the clutch to 
an amount just sufficient to perform the 
work, resulting in increased life of the 
facings and other parts. Descriptive bul- 
letin available. Industrial Clutch Co., 
Waukesha, Wis. 


Pushbutton Station 


Type HD heavy-duty, explosion-proof 
pushbutton stations suitable for use in 
corrosive atmospheres and in Class I, 
Group D hazardous locations, designed 
in accordance with the requirements of 
the Underwriters’ Laboratories. Avail- 
able with from one to four station push- 
button units of the momentary contact 
type, or with maintained contact units. 
In addition, stations are available with 
two or three position selector switches 
which are available either as single-pole, 
double-throw switches or double-pole, 
single-throw switches. Westinghouse Elec- 


tric & Mfg. Co., East Pittsburgh, Pa. 
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Heavy-Duty Controller 


A line of d.c. heavy-duty controllers 
for all machine tool applications, for 
heavy-duty applications below 10 hp. and 
for general purpose above 10 hp. A new 
timing device which operates magnetic- 
ally on the principle of a condenser dis- 
charging through a magnet coil provides 
simple, positive, precise, definite time 
acceleration which is unaffected by load, 
temperature or other working conditions. 
Once adjusted to obtain the desired start- 
ing period the controller will always ac- 
celerate in this same time. These con- 
trollers conform with the new NEMA 
standards for machine tool and general 
purpose service, and include non-reverse 
and reversing types, with and without 
dynamic braking, for both constant speed 
and adjustable speed motors. Available 
for use with either pushbutton or drum 
type master switch and in all standard 
NEMA ratings up to 75 hp., 115 volts; 
and 150 hp., 230 and 550 volts. Cutler- 
Hammer, Inc., 296 North 12th St., Mil- 
waukee, Wis. 





Non-Peeling Paints 


“Wet-X-Hale” paints, enamels and var- 
nishes made in regular and special types, 
for application to most surfaces that are 
wet, damp or dry, giving non-peeling and 
protective adhesion. When applied to 
moist or wet surfaces they absorb the 
moisture contacted, while painting. The 
paint-film when set and dry will be pro- 
tected against water reversing, will not 
peel, blister or crack, and provides rust- 
protection when applied to iron, steel 
and other metals. Wet-X-Hale paints can 
also be furnished with additional fea- 
tures to meet and combat destructive ele- 
ments in the air and other adverse condi- 
tions. Wet-X-Hale Paint Compound Co., 
15 Moore St., New York, N. Y. 
















Heavy-Duty Relays 


Bulletin 132 relay, developed for heavy- 
duty service on a.c. and d.c. circuits. 
Large gap, silver-to-silver, self-aligning 
contacts with adequate surfaces and 
pressures to break 30 amp. and insulat- 
ing material to withstand 2,500 volt die- 
lectric test make these relays suitable for 
light contactor duty. Relays are available 
with normally open or normally closed 
contacts. Double pole with common feed 
and single pole with contact combina- 
tions can be furnished. Listed for 6, 12, 
24, 32, 115 and 230 volts a.c. and d.c. 
Ward Leonard Electric Co., Mt. Vernon, 


N. Y. 


Rotary Switch 


Type R-2 instrument and control 
switches, available in types to completely 


cover the field of apparatus control, 


whether the requirement is standard or 
special. on circuits up to 600 volts. Type 


R-2 instrument switches, shown to the 
left in the illustration, are used on all 
types of instrument transfer for voltage 
and current coils. By a selection of suit- 
able cams, switches can be built up for 
any number of applications. Type R-2 
control switches, shown to the right in 
the illustration, are made in two styles 
depending upon the application. The cir- 
cuit breaker control switches include the 





quick break feature for long life on 
heavy-duty service such as closing and 
tripping circuits for circuit breakers. The 
governor, rheostat and miscellaneous 
control switches differ from the circuit 
breaker control switches in that they are 
built like the instrument switches with 
the spring return feature instead of the 
locator. Switches are easily 
mounted on panels, 1%, 1, 115 and 2 in. 
in thickness. Slip-on molded plastic side 
plates protect contacts from dirt accu- 
mulation and allow instantaneous inspec- 
tion. On the instrument switches, handle 
plates are supplied which identify the 
switches. Face plates are supplied with 
standard position markings. Catalog 9 
available. Roller-Smith Company, 233 
Broadway, New York, N. Y. 


position 





Manufacturers’ Publications 





BraniNcs— Boston Gear Works, Inc., North 
Quincy, Mass. Catalog Form 4-38, 16 pages, 
3l5x6 in. A revised catalog of their Oilite oil- 
cushion precision bronze bearings to super- 
sede Form 1-38. 

BEaniNGS—E. A. Williams & Son, Inc., 111 
Plymouth St., Jersey City, N. J. Leaflet con- 
taining data on their graphite and bronze 
oil-less bearings made in grooved and drilled 
types. 

FasrENINGS— The Rawlplug Co., Inc., 98 
Lafayette St., New York, N. Y. Catalog 38, 
"A Better Anchorage for Bolts and Screws," 
38 pages, 344x6'% in. Illustrating and de- 
scribing the many different types of anchors 
and accessories for use in all kinds of mate- 
rials. Also contains a section devoted to 
problems of fastening to masonry. 


FELr—The Felters Co., Inc., 210 South 
St.. Boston, Mass. Folder giving details on 
their Certified Felt and felt products. 

GEAns— Charles Bond Co. 617-23 Arch St., 
Philadelphia, Pa. Catalog T-59. A new 






edition of the Bond Stock Gear Catalog cov- 
ering gears, sprockets, speed reducers, flex- 
ible couplings and other industrial equip- 
ment. Data on their new line of "B" type 
double reduction speed reducers is also 
included. 


G. E. BurLETINs—General Electric Co., 
Schenectady, N. Y. Bulletin GEA-2791A 
containing data on their Thyratron resistance- 
welder controls; Bulletin GEA-2026A on their 
brake-motor; and Bulletins GEA-2965 and 
2966, on G-E thinly coated electrode, Type 
W-3, for high-speed arc welding, and sheath- 
coated electrode, Type A, for cast-iron weld- 
ing, respectively. 


Lighting Equipment — The Fostoria 
Pressed Steel Corp., Fostoria, Ohio. “Hand- 
book of Localized Lighting,” 24 pages, 84x10 
in. Containing a brief discussion on localized 
lighting and its advantages, followed by de- 
tailed information, illustrations and tables 
of specifications covering Fostoria Localite 
units. 


Micarta Propucts—Westinghous«: Electric 
& Mfg. Co., East Pittsburgh, Pa. D. <criptive 
Leaflet 63-020, 4 pages, 814x11 in. Listing 
the standard sizes, colors and finishes of 
Micarta plate, and tabulating the physical 
and electrical properties and applications of 
Micarta plate, Micarta rod, channe!s, angles 
and tubing. 

“NickeL ALLoy STeELS”’—The Interna. 
tional Nickel Co., Inc., 67 Wall St.. New York. 
N. Y. A revision of Data Sheet Section III. 
No. l, "Properties and Uses of Some Cas 
Nickel Alloy Steels,” for their data book 
“Nickel Alloy Steels.” 

Pumrs—Goulds Pumps, Inc., Seneca Falls, 
N. Y. Bulletin containing complete descrip. 
tion of their new line of Fig. 3390 centrifugal 
pumps. 

Science SurprPLIES—Central Scientific Co. 
79 Amherst St., Boston, Mass. Booklet, 40 
pages, 11x734 in. Their latest order book 
for scientific supplies for use in the physics, 
chemistry and biology laboratories. 

Socket Screws—The Bristol Co., Water. 
bury, Conn. Bulletin 836. Covering Bristo 
socket set and cap screws, including price 
list, and briefly describing the principle in. 
volved in the multiple-spline design of these 
socket screws. 

Socket Screws—The Holo-Krome Screw 
Corp., Hartford, Conn. Catalog 30, “Fibro 
Forged Socket Screws,” 40 pages, 5x6!4 in. 
Containing descriptive data, tables, and ap. 
plications data of value to users of socket 
head capscrews, hollow set screws, socket 
head stripper bolts and hollow pipe plugs. 

Spray Equipment—Eclipse Air Brush Co, 
Inc., Newark, N. J. Catalog 66, 32 pages, 
914x11 in. Complete information and illus. 
trations covering their spray equipment and 
accessories. 

STAINLESS STEEL—American Rolling Mill 
Co., Middletown, Ohio. Booklet. 16 pages 
8!5x1l in. Containing valuable data regard: 
ing the heat-resisting grades of stainless steel, 
covering typical analysis, average physical 
properties, service at elevated temperatures, 
and recommendations for handling. 

STAINLESS StTeELS—Joseph T. Ryerson 4 
Son, Inc., 16th & Rockwell Sts., Chicago, Ill. 
An attractive booklet pictorially illustrating 
the possibilities of stainless steel for con 
sumer products and industrial applications. 
Includes a brief summary of Allegheny stain- 
less products carried in stock by Ryerson. 

Stee. Stamps—Nu-Method Steel Stamps 
Inc., 149 Jos. Campau, Detroit, Mich. Bul 
letin 113-1, 4 pages, 84x11 in. _ Illustrating 
and describing their line of Nu-Method steel 
stamps. 


TEwPERATURE  GacEs— Weston Electrical 
Instrument Corp., Newark, N. J., Bulletin. 
12 pages, 8l5x1ll in. Containing complete 
information on their industrial temperature 
gages, general purpose and heavy-duty types 
Laboratory thermometers for research and 
general laboratory use are also described. 

Visro-InsuLAtors—The B. F. Goodrich 
Co. Akron, Ohio. Catalog Section 7900, 8 
pages, 814x11 in. Covering their standard 
line of vibro-insulator rubber-to-metal type 
mountings, including types available, dime 
sions, and data to assist in the proper selec 
tion and installation of the mountings. Al» 
includes photographs and descriptions of 2 
variety of machines which have been mounted 
on vibro-insulators. 
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Books and Bulletins 








Structural Aluminum 


Handbook 


911 pages, 534x8% in. Semi-flexible 
covers. Published by the Aluminum 
Compan) of America, Pittsburgh, Pa. 
Price $1.25. 

This handbook is a compilation of the 
latest authoritative available data for the 
design of structures to be made of alum- 
ium. It presents for the first time funda- 
mental information regarding the ultimate 
grength of structural members fabri- 
cated from aluminum alloys, the data 
being based on laboratory investigations, 
feld tests and extensive practical experi- 
ence. It is a second edition of a hand- 
hook of the same name which appeared 
in 1930. 

The data is grouped in five sections, 
namely, characteristics, manufacture, 
and fabrication of aluminum alloy struc- 
tural products; design of aluminum al- 
loy structures; elements of sections; tech- 
nical data; specifications, tolerances, and 
commercial sizes of structural material. 
Section two covers the selection of work- 
ing stresses, design considerations, and 
beam formulas. Section three covers the 
elements of all the usual shapes, rec- 
tangular sections, round tubing and plate 
girders. The technical data in section 
four covers sheets, bars, rivets, bolts and 
pipe. Conversion tables and other useful 
data are given in the appendix. 


Principles of Engineering 
Economy 


EucENE. L. GmRawT. Revised Edition. 
431 pages, 6x9 in. Clothboard covers. 
Published by The Ronald Press Co., 15 
East 26th St., New York, N. Y. Price 
$3.75. 


In the complete revision of this book 
the author has aimed to clarify the con- 
fused reasoning that seems to exist re- 
garding certain fundamental principles 
of engineering economy. In presenting 
the subject the author has avoided the 
pure mathematical treatment. To explain 
the principle of cost comparison he re- 
sorted to illustrative examples. 

The book is divided into four parts. 
Part 1 is primarily an introduction to 
the principles involved in planning engi- 
neering economy. Part 2 deals with the 
fundamental economics of the subject 
and is largely concerned with the sub- 
ject of interest. Part 3 gives a great 
many examples that illustrate the pro- 
cedure for determining relative costs. 
Many of the questions that must be 
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answered when considering proposed 
new enterprises or the replacement of 
machines or structures are discussed. 
Part 4 covers three chapters, “Obstacles 
to Economy in Individual Enterprises," 
*Obstacles to Economy from the Social 
Viewpoint" and “Engineering Reports 
and Budgets." 

Although prepared as a text, the book 
contains few formulas, devoting almost 
all of the space to explanatory discus- 
sions. It is well written and easy to 
follow. 


Thermodynamics, Fluid Flow 
and Heat Transmission 


Huser O. Crort. 300 pages, 6x9 in. 
Green clothboard covers. Published by 
the McGraw-Hill Book Co., Inc., 330 West 
42d St., New York, N. Y. Price $3.50. 


Written primarily as a textbook, the 
first chapter is devoted to definitions of 
units encountered in thermodynamics and 
hydraulics, following which there is a 
chapter on dimensional analysis and the 
principle of similitude. The author then 
presents a few of the thermodynamics of 
perfect gases, following which he goes 
into the general differential equations ap- 
plying to thermodynamics. 

Other chapters cover the thermody- 
namics of vapors, analysis based upon 
the second law of thermodynamics, fluid 
flow and its measurement, the laws of 
heat transmission, the transportation of 
solids in fluids and the compression of 


fluids. 


A brief appendix gives tables of critical 
constants, heat capacities and alignment 
charts for absolute viscosity. 


Republic Alloy Steels 


256 pages, 614x914 in. Flexible covers. 
Published by Republic Steel Corp., Cleve- 
land, Ohio. 


A new and complete handbook on al- 
loy steels covering reference data on 
specifications, manufacture and applica- 
tions. Fifty pages are devoted to some of 
the fundamentals of ferrous metallurgy 
such as the iron-carbon diagram, critical 
temperatures, effects of impurities in 
steel and heat-treating processes. 

Twenty-six charts are presented giving 
the physical properties of different steels 
at different temperatures. Each chart is 
accompanied with tables giving the com- 
position, approximate critical compounds 
and recommended thermal treatment. 
Charts cover all of the SAE steels in 
general use. Six additional charts deal 
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with the mass effect on different SAE 
steels and Nitralloy G and Nitralloy H. 

Other chapters include the McQuaid- 
Ehn grain size test, modern carburizing 
practices, impact tests, fatigue tests, gears 
and gear steel, steels used in the petro- 
leum industries, railroad steels, Republic 
double-strength steel, aircraft steels, 
Nitralloy steels and stainless steels. 

An appendix of 75 pages is devoted to 
tables and useful information. 


Elements of Mechanism 


THe Late Peter Schwams, ALLYNE 
L. MERRILL AND WALTER H. James. 400 
pages, 6x9 in. Clothboard covers. Pub- 
lished by John Wiley & Sons, Inc., 440 
Fourth Ave., New York, N. Y. Price 
$3.50. 

This fifth revised edition follows in the 
main the same general treatment as in 
previous editions but gives a more thor- 
ough discussion of the laws of motion 
with special attention to acceleration. The 
order of the chapters has been rearranged 
with the aim of giving a more logical 
sequence. 

Written as a college textbook, problems 
are given at the end of each of the thir- 
teen chapters. Numerous examples are 
given to illustrate the application of 
formulas. 

Subject matter covers linkages, cams. 
gears and gear trains, screw, wedge 
belt and chain drives, and numerous mis- 
cellaneous mechanisms such as wedge 
wheels and escapements. 


Gray Iron Specifications 


Section 1, No. 1, “Nickel Cast Iron Data.” 
8 pages, 84%4x1l in. Published by Tue 
INTERNATIONAL NickEL Co., Inc., 67 Wall 
St., New York, N. Y. 

Presented as a guide to the selection of 
engineering specifications for gray iron cast- 
ings. 


Tenite Specifications 


Edition 1B. 20 pages, 814x11 in. Published 
by Tennessee Eastman Corp., Kingsport, 
Tenn. 

A comprehensive booklet prepared to assist 
users of Tenite in determining the type of 
material best adapted to their particular re- 
quirements. Data on the chief physical prop- 
erties of Tenite are presented in tables and 
graphs designed for ready comparison of 
the various types, formulas, and flows in 
which the material is regularly supplied. 


New Wrinkles in Finishing 

Vol. 1, No. 1. 12 pages, 84x11 in. Pub- 
lished by New Wrinkte, Inc., Mutual Home 
Bidg., Dayton, Ohio. 

This first edition of the publication con- 
tains descriptive details concerning the new 
wrinkle finishes, illustrates and describes 
some of the numerous effects possible, and 
presents some typical applications, 













PRODUCT ENGINEERING + REFERENCE BOOK SHEET 





Stresses in Pressure Vessels —IT 


RAYMOND J. ROARK 


Professor of Mechanics, University of Wisconsin 


(Continued from page 360, September issue) 








































MANNER OF 
LOADING 





FORM OF VESSEL THIN VESSELS —LOCAL AND DISCONTINUITY STRESSES 





(ee — 


1/6 
At points on loaded element ( X axis): s’ = | — 1.1 (=) ] s. 








i — Pf R ] "y — b ]!/8 
So’ = ——| 0.42 log £S. where 6 = 0.215 + 0.5 Y b 
Ü x R 
-— à — —— 0.215 R 
6 At points on loaded circumference (Y axis): s’ = sy = à 0.12 loz 
. - v 
Radial load P p 0.215 R 
am .21: € , 
concentrated on Max. $'- —.— [o log — + —— at load 
small area of Ü b bm 
radius b and 
"- aes e — P 0.215 6v 
acting at a point Max. $' = —— | 0.42 log ES — at load 
remote from ends e b bm 
of cylinder 
At points on loaded element, Radial displacement = — (0.135 PR?, Et) (e-87) 
(cos Bx + sin Br), where 8 — 0.3125/R db. 
CYLINDRICAL Max. radial displacement = — 0.135 PR*/EP at load; Change in diameter for 
equal and opposite loads = — 0.27 PR?/ EP 


(Ref. 2) 


HS —ñ— — — — —— — — — — —— 


* 12 (whene > 0.2 R, load 

(Max. s;' for load remote from end) oR may be considered re- 
- mote from end). 

0.7 R 1/4 (when e 4- b » 0. R. 

Max. so’ = (Max. s?' for load remote from end) | - Fe load may be consider- 

eTo ed remote from end). 


— PR » \o 7] (whene > 
Radial displacement at load = - re [^ 18 — 0.22 ( 3 ] 2 R, load may 


be considered 
remote from end) 


I 


Max. s;’ 


7. 


Load as above 
but applied at a 
short distance e 

from an 
unsupported end 
of the cylinder 





( Ref. 2) 
Max. M = dx at load; Max. s;’ = - 3 =P 
M. = (Max. M) |e" (cos Xx + sin X z)] — 1/2 P (4 e^ sin M) 
CYLINDRICAL * à 
Radial displacement = I p 
Uniform radial 
pressure of p Max. hoop stress $; — ——5 E un load. 
Ib. per linear in. i 21 ( Ref. 3 
[ et. 3) 
of circumference 
— — — — ———— IU — 
A-—ct 
M, = 0.304 p Rt (- — ) (Mo = 0.304 p R t for rigid ring 
A +156t V RI or disk). 


— A —cl 
Vo = 0.78 —————— = Vo = 0.78 SP S 
"e «( A +1564 y RI ) Vor dis), ^ V P for rigid i 
— 6 Vo 


Max. long. bending stress = — * at edge of ring. Formulas for Cases 10 and 
11 may be used to find M., s;' and V; at other sections. Ring pressure per linear 
inch of circumference = 2 Vo. 

(The above formulas are valid if rings are spaced so far apart that the influence 
of one does not extend to the next. This spacing » 4/X. The sum of the direct 
and bending longitudinal stresses sı + sı’ exceeds the normal hoop stress s unless 


the ring spacing « (7/2) (X Rt) (Ref. 4,5) 


9. 


Uniform internal 
(or external) 
pressure of p 
lb. per sq. in. 


CYLINDRICAL, WITH 
REINFORCING RING OF 
CROSS-SECTION AREA A 
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THIN VESSELS — LOCAL AND DISCONTINUITY STRESSES 


M. = 1/) V eò sin Xz Max. M = 0.322 Vy/A at z — v/4 ^ 
V: = V, € (cos À z — sin Az | 
s' = 6 M;/t; Max. s;’ = 1.932 V,/\ Ë; s,’ = vs,’ $; — 


























—2Ve —2V 
10. Hoop stress s: = — 1 ( XR e* cos Az ) Max. s: = ———— X R at end 
Uniform radial Radial disp! i — «Ai 
shes adial displacement — —— a s * 
EM. ' J D X 2 D x (Ref. 2, 6) 
Ib. per linear in. 
of circumference 
M. = M, e (cos Xx + sin Az); Max. M = M at end. 
V: = 2 X Mo e sin A z; Max. V 2 0.044 A Mo at z — 7/4 ^ 
s' = —6M,/P; Max. s;' = —6M,./2; sg’ = vs’ $% = Vil 
Hoop stress s = 2 X~? R Mo e (cos X z — sin ^ z)/t; 
CYLINDRICAL 2M 
1 Max. s: = ao X? R at end. 
Uniform radial dlodi M; 
RE M. Radial displacement — — D oi 6 = M/A D s 
in lb. per linear in. — (Ref. 5, 6) 
of circumference 
at end 
m P. i , am Nr 
M. = ET Vo eò? sin Xz; Max. M = 0.322 —— Vo atx = r/4d; 
i R \* . 
V, = (<r) e^ V, (cos Mz —sinAz 
sr V g 
$/ — 6 Mit Max. s! — 1.932 — Ve/AP; 85 = r (Ref. 5, 6) 
12. $4 = = J vuM.—D{1-Yr —— eùz | Vo (cos àx + sin AZ) l 
Uniform normal " l R: 2X D f 
shear or R?\2 V ey 
pressure Vo Hoop stress s: = — | 4—- "Aet cosg; Max. s = — — ^ at end 
Ib. per linear in R: ' "WU 
of circumference i : MS 1 1 » v... 
at end Radial displacement = — ap 3” ¢( 57 -— 40 aR, cot? ;0 = — a2 pine 
(For hemisphere ¢ = = ,R = R:, and same formulas apply as for Case 10) 
R à 
M, = -R e Mo ( cos Az + sin Az ) Max. M = Mhs at end; 
5» 
Vy.22 ( ez A Mo sin z; 
, R 36 
Max. V = 0.644 apes A Meatz — v/4 ^ 
13. $7 —6 M.;/t5 Max. s' = — 6 M;/Ë; 
— à 2 \ 
Uniform radial Hoop stress s: = 2 X? =, e» - fo cos `z — sin À q 
moment M, in. R: 
ANY FIGURE OF > eee disce acre o n 
REVOLUTION pe- A" nce IMax. $4 = 2 - Rs D a i - A* at end. 





: 6 Í , \cotan @ 1 dii \ 
ee 2 P M. — »( — ) NC 3 x D* (: A M, cos À ) 


M M, V 


Radial displacement — sin $; 0- $ = —— 














2 DN AD l 
(For hemisphere, same formulas apply as for Case 11) (Ref. 5, 6) 
yo. | PMD , —  2pRxvELD. uitam 
14 wen Lea ee” Eh —1/2» |E& -2R D A? (1 — v)l 
doa 2 R Xs D; "n 
Uniform internal E E M +- ——— — -n -] 
(or external) D, (1 + v) E lh + 2 D: A R (1 = DP) 
CYLINDRICAI pressure of p j = 2R&D, p Rè X D, 
diis * lb. per sq. in. o= Mf? M+- i - 
WITH FLAT HEAD LP ^ Dc» t Di (L + v) 


Here D, refers to flat head; Dz and ^ refer to cylinder. 
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FORM OF VESSEL LOADING THIN VESSELS — LOCAL AND DISCONTINUITY STRES*i:$ 
— —— — — X 
(| 2-»5-0- J y3- v) 
15. M =pRt us m — 
Uniform internal i saint soe 2 (1 + e) (A +e) ( 
(or external) ' . l- e 
pressure of p ; rhe x -and fers to hemispheric 
gerne! 4 --1 where c = (,/f; and à; refers to hemispherical head 
CYLINDRICAL WITH — Qo = 2 Mom (- oth) ; p 
PAENG “ c If 4, — 4, M; —- 0 and V, 2» —— 
HEMISPHERICAL HEAD 8 X 








nS EE 
THICK VESSELS — WALL STRESSES 


—— ñ— — — — — — — — — — — — — — 




















? (b? 2) b? s : 
16 8 —0 $2 — p > us + a Max. s: = p n ra at inner surface 
2 (b? — a* —— 
i intern: 2 (b? — r?) ] 
| niform internal $3 =p — ima Max. s; = p at inner surface 
radial pressure p r? (b? — a?) 
Ib. per sq. in. - 
ee y? 3 
E oe Max. ss = p — — at inner surface 
externally bra i ) 42 
balanced) xx ds Tr" a. a 2a? —— 
aec) E ( b — a T ) — PE b — a 
b? (a? r? 2 b : 
8& = 0 a mmy ir ou Max. s: = — p cO at inner surface 
CYLINDRICAL 17. b? (rè — ad) 
(r a 
Uniform external 8 —P ugi—a) Max. s; = p at outer surface 
di ssure i 
T P Max. s, — — 1/2 Max. s» at inner surface 
"— ENS. _ dU um : BME Ads 
UT T E b — a? ~~? Fs b? — a 7 
18. a? " 
Unif à i — 7 8» and s; same as for Case 16 
nitorm interna NN 


pressure p ‘ ; a I ; 
„lb. r sq. in. Aa=p * 5 - = — p — Ab=p g p 9 ~- (=s 
in all directions 4 pd 5-39 7 —a 


B+2a at 











$7579 535;-—, Maxs -Max$7p5—7,— 4 inne 
2 r (b — a?) 2 (b e) aai 
aè (b — r) i 
19. S% = p-s ~z Max. s, = p at inner surface 


Uniform internal 


pressure p Max. s, = p ——;; ~ at inner surface 
lb. per sq. in. a’ 















a B+ 2a b 3a? 
a — p ——|-—————-(1- âb = — | —— —— (l - )) 
. t | eee "we P E| 20-a) ` 

SPHERICAL (Ref. 6) 

à 9 13 t 

b? (a? + 2 r?) 3 b E 
$857 —»3;3—3 Max. sı = Max. s = - 5 — inner 
2 r (b5 — a?) 2 (P — a*) rac 

b (rf — a) 
20. $3 = p — —— Max. s, = p at outer surface 
2 P P -5 (6 — 1°) " I 
Uniform external oy 
pressure p "— —- ——  —— — 
lb. per sq. in. 4 PE 2 (b — a?) ` " 
b ^". +2 
âb = — — ———s-1u-»-—» 
"^R 26 — a) ‘ (Ref. 6 
UU — — ——— — — — — — 
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